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THE     THIRD     EDITION, 


COME    YEARS   AGO  I  had  the  honour  of  holding  a 
DdOiber   of  ExamtnersMps    under  the   Council   for 
Military  Education.     It  was  also  my  privilege  to  be  Ex- 
aminer for  the  University  of  London. 

These,  and  the  examinations  connected  with  my  public 
lectures,  gave  me  an  opportunity  of  making  myself  ac- 
quainted, to  some  extent,  with  the  knowledge  and  needs  of 
England  as  regards  the  department  of  Natural  Knowledge 
which  it  is  my  vocation  to  cultivate. 

The  experience  thus  obtained  waa  supplemented  by  that 
derived  from  conversation  with  eminent  scholars,  who 
deprecated  and  deplored  the  utter  want  of  scientific  know- 
ledge, and  the  utter  absence  of  sympathy  with  scientific 
studies,  which  mark  the  great  bulk  of  our  otherwise 
cultivated  English  public. 

Though   regarding  original  investigation  as  the  great 
object  of  my  life,  I  thought  it  no  unworthy  work  to  at- 
tempt to  supply  the  deficiencies  here  indicated.     The  idea 
arose,  and   gained   consistence   by   reflection,  of  taking, 
I  far  as  time  permitted,  the   various   parts  of  N^atural 
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Philosophy,  treated  in  my  lectures,  in  succession,  and  of 
descrihing  and  illustrating  with  eleamesB  and  simplicity 
such  conceptions  regarding  them  as  the  best  culture  I 
could  comroand  enabled  me  to  entertain. 

The  firstfruit  of  this  idea  was  the  work  on  Heat,  the 
third  edition  of  which  is  now  before  the  reader. 

The  reception  of  the  work  proved  that  it  met  a  general 
want  Not  only  has  its  snccesB  in  this  country  been  far 
greater  than  was  ever  hoped  for,  but  large  editions  of  it 
have  been  published  and  circulated  ia  P'rauce,  Kussia,  and 
the  United  States. 

Something  more,  however,  than  its  rapid  diffusion  among 
the  general  public  was  needed  to  convince  me  that  the 
work  was  such  as  I  desired  it  to  be. 

This  assurance  came  to  me,  both  privately  and  publicly, 
from  scientific  sources,  and  lately  in  a  very  striking  form 
from  Germany.  The  beautiful  translation  of  the  work  by 
Helmholtz  and  Wiedemann,  issued  by  Vieweg  of  Bruns- 
wick, and  the  reception  of  that  translation  by  the  press  of 
Germany,  are  to  me  the  best  guarantee  and  the  most 
gratifying  evidence  that  I  have  not  entirely  missed  my  aim. 

That  aim  was  to  combine  soundness  of  matter  with  a 
style  which  should  arouse  interest  and  sympathy  in  persons 
uncultured  in  science.  I  had,  also,  reason  to  believe  that 
the  more  specially  scientific  student  would  find  in  the 
work  help  and  furtherance,  in  forming  definite  concep- 
tions of  those  molecular  processes  which  underlie  both 
chemical  and  physical  phenomena. 

le  second  instalment  of  the  task  contemplated  was 
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the  work  on  Sound  recently  piiblished  by  Longmans, 
The  reception  of  the  work  in  this  country  has  been  also 
far  more  flattering  than  I  had  ventured  to  anticipate.  It 
has,  moreover,  been  already  published  in  America.  In 
France  a  translation  of  it  is  being  prepared  by  M.  Gautbier- 
V'illars,  while  in  Germany  the  two  eminent  men  already 
named  liave  taken  it  under  their  protection. 

All  this  convinces  me  that  tf  a  scientific  man  take  the 
trouble,  which  in  my  case  is  immense,  of  thinking,  and 
writing,  with  life  and  cleainess,  he  is  sure  to  gain  general 
attention.  It  can  hardly  be  doubted,  if  fostered  and 
etrengtbened  in  this  way,  that  the  desire  for  scientific 
knowledge  will  ultimately  correct  the  anomalies  which 
beset  our  present  system  of  education.* 

Besides  other  additions  and  alterations,  a  considerable 
amount  of  matter,  derived  mainly  from  my  own  recent 
investigations,  is  added,  in  a  new  chapter,  to  the  present 
edition.  In  order  to  prevent  the  book  from  assuming  an  in- 
convenient size,  I  have  omitted  most  of  the  Supplementary 
Appendices.  Within  the  coming  year  I  hope  to  collect 
and  publish,  in  a  single  volume,  the  original  memoirs  on 
Eiperimeotal  Physics,  which  I  have  communicated  to  the 
'Philosfiphical  Transactions '  and  '  Philosophical  Magazine ' 
during  the  last  eighteen  years.  These  memoirs  will  em- 
brace all  the  supplementary  matter  referred  to,  and  they 
may  be  consulted  by  those  who  wish  to  carry  their  studies 
beyond  the  limits  prescribed  to  an  elementary  work. 

■  IToilej'E  '  Lmsoii«  io  ElemeQtary  Fb; siolog; '  is  &  great  step  id  liiia 
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It  will  interest  the  scientific  student  to  learn  that  Mayer 
and  ClauBius  have  recently  published,  in  a  collected  form, 
their  celehrated  researches  on  the  Dynamical  Tiieory  of 
Heat,  an  English  translation  of  the  first  Part  of  the  memoirs 
of  Clausius  having  been  edited  hy  Professor  Hirst.  It  is 
to  be  Loped  that  the  investigations  of  Joule,  Helmholtz, 
Thomson,  and  Eankine,  on  this,  the  greatest  scientific 
snbject  hitherto  unfolded  by  the  human  mind,  may  ulti- 
mately he  rendered  equally  accessible.  The  memoirs  of 
Sir  William  Thomson,  at  once  varied  and  profound, 
would  be  of  especial  interest  and  importance. 

EoTiL  Imstitctios  : 

January  1808. 


PEEFACE 

TO 

THE     SECOND    EDITION. 


TN  the  First  Edition  of  this  work,  the  laoguage  employed 
•*•  was  almost  verbatim  that  of  the  lecture-room.  For 
this,  had  time  permitted,  I  should  willingly,  in  this 
edition,  have  substituted  a  graver  style,  though  it  may  be 
doubted  whether  the  change  would  have  added  to  the 
clearness  of  the  exposition. 

The  word  *  Lecture,'  formerly  used  as  a  heading,  has, 
however,  been  abandoned,  the  work  being  now  divided 
into  thirteen  chapters.  I  have  sought  to  embody  in  it 
an  abstract  of  my  own  researches  on  radiant  heat,  com- 
pleted since  the  publication  of  the  First  Edition.  That 
portion  of  the  work  which  treats  of  the  phenomena  of 
vitality  has  also,  for  the  most  part,  been  rewritteu. 

KoTAL  IwsTmrnoy: 
February  1866. 


PREFACE 


THE     FIRST     EDITION. 


gat 


mat 


"N  the  foUowiDg  Lectures  I  have  endeavoured  to  bring 
the  rudiraenta  of  a  new  philosophy  within  the  leach 
person  of  ordinary  intelligence  and  culture. 

The  first  seven  Lectures  of  the  course  deal  with  ihermu- 
7iie(Wc  heat ;  its  generation  and  consumption  in  mechanical 
proces-ses  ;  the  determination  of  the  mechanical  equivalent 
of  heat ;  the  conception  of  heat  as  moleciilai'  motion ;  the 

ipUcation  of  this  conception  to  the  solid,  litiuid,  and 
'gaseous  forms  of  matter;  to  expansion  and  comhustion;  tu 
apecific  and  latent  heat :  and  to  calorific  conduction. 

The  remaining  five  Lectures  treat  of  radiant  heat;  the 
interstellar  medium,  and  the  propagation  of  motion  through 
tJiia  medium;  the  relations  of  radiant  heat  to  ordinary 
matter  in  its  several   states  of  aggregation ;    terrestrial, 

lar,  and  solar  radiation ;  the  constitution  of  the  sun ; 
*  possible  sources  of  his  energy;  the  relation  of  this 
energy  to  terrestrial  forces,  and  to  vegetable  and  animal 
life. 

My  aim  has  been  to  rise  to  the  level  of  these  questions 

im  a  basis  so  elementary,  that  a  person  possossing  unv 
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imaginative  faculty  and  power   of  concentrution,  might 
accompany  me. 

Wherever  additional  remarks,  or  extracts,  seemed  likely 
to  render  the  readers  knowledge  of  the  subjects  referred 
to  in  any  Lecture  more  accurate  or  complete,  I  have  in- 
troduced Buch  extracts,  or  remarks,  as  an  Appendix  to  tbe 
Lecture. 

For  the  use  of  the  Plate  at  the  end  of  the  volume,  I 
am  indebted  to  the  Council  of  the  Royal  Society;  it  was 
engraved  to  illustrate  some  of  my  own  memoirs  in  tbe 
'Philosophical  Transactions.'  For  some  of  the  Woodcuta 
I  am  also  indebted  to  tbe  same  learned  body. 

To  the  scientific  public,  the  names  of  tbe  builders  of 
this  new  philosophy  are  already  familiar.  As  experimental 
contributors,  Bumford,  Pavy,  Faraday,  and  Joule,  stand 
prominently  forward.  As  theoretic  writers  (placing  them 
alphabetically),  we  have  Clausiua,  Helraboitz,  Kirchhoff, 
Mayer,  Rankine,  Thomson ;  and  in  the  memoirs  of  these 
eminent  men  the  student  who  desires  it  must  seek  a 
deeper  acquaintance  with  the  subject,  MM.  Regnault  and 
Seguiu  also  stand  in  honourable  relationship  to  the  Dyna- 
mical Theory  of  Heat,  and  M.  Verdet  has  recently  pub- 
lished two  lectures  on  it,  marked  by  the  learning  for  which 
he  is  conspicuous.  To  the  English  reader  it  is  superfluous 
to  mention  the  well-known  and  highly-prized  work  of  Mr. 
Grove." 

•  The  beautiM  eipcritncntB  of  M,  Farre  ouyht  to  he  ttferwd  to  bore  ; 
Btld  also,  in  coancdjna  with  a  anbjpct  treated  in  Cliapler  XIII..  a  lnof.t 
impOTtaot  (izperimenC  by  M.  Foucautt,  fbich  is  deacribad  in  llie  '  Fhilo- 
l1  aiagaziae,'  vol.  xix.  p.  194  (Feb.  180£). 


lUt 
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I  hare  called  the  philosophy  of  Heat  a  new  philosophy, 
ithout,  however,  reetrictiEg  the  term  to  the  subject  of 
[eat.  The  fact  is,  it  cannot  be  so  restricted :  for  the 
innection  of  this  agent  with  the  general  energies  of  the 
b  such,  that  if  we  master  it  perfectly,  we  roaster 
.^ven  now  we  can  discern,  thoiigh  but  darkly,  the 
of  the  issues  which  connect  themselves  with 
le  progress  we  have  made — issues  which  were  probably 
iyond  the  contemplation  of  those,  by  whose  industry 
and  genius  the  foundations  of  our  present  knowledge 
irere  laid. 

In  a  Lecture  on  the  'Influence  of  the  History  of  Science 
on  Intellectual  Education,'  delivered  at  the  Royal  Insti- 
tution, Dr.  Whewell  has  shown  '  that  every  advance  in 
tintellectual  education  has  been  the  effect  of  some  consider- 
ile  scientific  discovery,  or  group  of  discoveries.'  If  the 
association  here  indicated  be  invariable,  then,  assuredly, 
the  views  of  the  connection  and  interaction  of  natural 
forces — organic  as  well  as  inorganic — vital  as  well  as 
physical — which  have  grown,  and  which  are  to  grow,  out 
of  the  investigation  of  the  laws  and  relations  of  Heat, 
will  profoundly  affect  the  intellectual  discipline  of  the 
itning  age. 

In  the  study  of  Nature  two  elements  come  into  play, 

which   belong   respectively   to   the   world  of  sense   and 

to  the  world  of  thought.     We  observe  a  fiict  and  seek 

<  ita  laws, — we  apprehend  tlie  law,  and  seek 

0  make  it  good  io  fact.     The  one  is  Theory,  the  other 

l.ii   Experiment ;    which,  when   applied   to  the  ordinary 
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purposes  of  life,  becomes  Practical  Scieoce.  Nothing 
couJd  illuatrate  more  forcibly  the  wholesome  intcractioQ 
of  these  two  elements,  than  the  history  of  our  present 
Biibject.  If  the  Bt«am-engine  had  not  been  invented,  we 
should  assuredly  stand  below  the  theoretic  levul  which  we 
now  occupy.  The  achievementa  of  Heat  through  the 
steam-engine  have  forced,  with  augmented  emphasis,  the 
question  upon  thinking  minds — '  What  is  this  agent,  by 
means  of  which  we  can  supersede  the  force  of  winds  and 
rivers — of  horses  and  of  men  ?  Heat  can  produce  me- 
chanical force,  and  mechanical  force  can  produce  Heat; 
some  common  quality  must  therefore  unite  this  agent  and 
the  ordinary  forms  of  mechanical  power.'  This  relationship 
established,  the  generalising  intellect  could  pass  at  once  to 
the  other  energies  of  the  universe,  and  it  now  perceives 
the  principle  which  unites  them  all.  Thus  the  triumphs 
of  practical  skill  have  promoted  the  development  of  phi- 
losophy. Thus,  by  the  interaction  of  thought  and  fact, 
of  truth  conceived  and  truth  executed,  wo  have  made  our 
Science  what  it  is, — the  noblest  growth  of  modern  times, 
though  as  yet  but  partially  appealed  to  as  a  source  of 
indiviJual  aud  national  migbL 

As  a  means  of  intellectual  education  its  claims  are  still 
disputed,  though,  once  properly  organised,  greater  and 
more  beneBcent  revolutions  await  its  employment  here, 
than  those  which  have  already  marked  its  applications  in 
the  material  world.  Surely  the  men  whose  noblf  vocation 
it  is  to  systematise  the  culture  of  England,  can  never  allow 
this  giant  power  to  grow  up  in  their  midst  without  en- 
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deavouriDg  to  turn  it  to  practical  account.  Science  does 
not  need  their  protection,  but  it  desires  their  friendship 
on  honourable  terms :  it  wishes  to  work  with  them  towards 
the  great  end  of  all  education, — the  bettering  of  man's 
estate.  By  continuing  to  decline  the  offered  hand,  they 
invoke  a  contest  which  can  have  but  one  result.  Science 
must  grow.  Its  development  is  as  necessary  and  as  irre- 
sistible as  the  motion  of  the  tides,  or  the  flowing  of  the 
Gulf  Stream.  It  is  a  phase  of  the  energy  of  Nature,  and 
as  such  is  sure,  in  due  time,  to  compel  the  recognition, 
if  not  to  win  the  alliance,  of  those  who  now  decry  its 
influence  and  discourajje  its  advance. 


RovAL  Institution: 
^  Fvhruary  IS63. 
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THE  asperts  of  Nature  provoke  in  man  the  spirit 
uf  eaqiiirj.  As  the  eye  is  made  for  seeing,  and 
I  lie  ear  f(.>r  hearing,  so  the  human  mind  is  fortned  for 
•■xploring  and  iiDiJerstanding  the  relationship  of  niitural 
Aienomena,  the  Science  of  our  day  being  the  direct  issue 
¥  an  intellect  thus  endowed.  One  jjreat  characteristic  of 
^taral  Knowledge  is  its  growth;  iill  its  results  are  fruit- 
p|l,  every  new  discovery  becoming  instantly  the  germ  of 
wh  investigation.  But  no  nobler  example  of  this  growth 
fowl  be  adduced  than  the  expansion  and  development, 
during  the  last  tive-nnd-twenty  years,  of  the  great  subject 
which  is  now  to  occupy  our  attention. 

In  scientific  manuals,  only  scanty  reference  was,  until 
lately,  made  to  the  modern  philosophy  of  Heat,  and  tlniB 
the  public  knowledge  regarding  it  remained  e 

tainable  level.     The  reserve,  however,  waa 
B  stibject  is  an  entangled  one,  and,  in  the  j 
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we  must  be  prepared  to  eDooimter  difficulties.     Iq  the 

whole  raDge  of  Natural  Science,  however,  there  are  none 
more  worthy  of  being  overcome — none  the  subjugation  of 
which  ensures  a  greater  reward  to  the  worker.  For  thf 
various  agencies  of  Nature  are  so  connected,  that  in  mas- 
tering the  laws  and  relations  of  Heat,  we  make  clear  to 
our  minds  the  interdependence  of  natural  powers  generally. 
Let  us  then  commence  our  labours  with  heart  and  hope : 
let  U9  familiarise  ourselves  with  the  latest  facta  and  con- 
ceptions regarding  tbis  all-pervadiug  agent,  and  seek 
diligently  the  links  of  law  which  connect  the  facte  and 
give  unity  to  their  most  diverse  appearances.  If  we 
succeed  here,  we  shall  satisfy,  to  an  extent  uukuowii 
before,  that  love  of  order  and  of  beauty  which,  no  doubt, 
is  implanted  in  the  mind  of  every  person  here  present. 
From  the  heights  at  which  we  aim  we  shall  have  nobler 
glimpses  of  the  system  of  Nature  than  could  possibly  bi- 
obtained,  if  I,  while  acting  as  your  guide  in  the  region 
which  we  this  day  enter,  were  to  confine  myself  to  its 
lower  levels  and  already  trodden  roads. 

(2)  It  is  my  first  duty  to  make  you  acquainted  with 
some  of  the  instruraents  intended  to  be  employed  in  thi^ 
examination  of  this  question.  Some  means  must  be  de- 
nied of  making  the  indications  of  heat  and  cold  visible  ti> 
you,  and  for  this  purpose  an  ordinary  thermometer  would 
be  useless.  You  could  not  see  its  action ;  and  I  am 
anxious  that  you  should  see,  with  your  own  eyes,  the  facts 
on  which  our  subsequent  philosophy  is  to  be  based.  1 
wish  to  give  you  the  material  on  which  an  independent 
judgment  may  be  founded;  to  enable  you  to  reason  aa  I 
reason  if  you  deem  me  right,  to  correct  me  if  I  go  astray, 
and  to  censure  me  if  you  find  me  dealing  unfairly  with  my 
subject.  To  secure  these  ends  I  have  been  obliged  to  aban- 
don the  use  of  a  common  thermometer,  and  to  resort  to  the 
little  instrument  which  you  see  before  lue  on  the  table. 


TIIKRMO-ELLCTHIC  IMLE  AXD  GAI.VAXOMHTICH.     :\ 

M^)  This  instrument   ab  (fig'.   I)  is  called  a  thenim- 

Ktrio  pile.*     It  acts  thus: — The  heat  which  the  pilt- 

jeivee   generates  aa  electric  current;  and  an  electric 

rent  has  the  power  of  deflecting  a  freely  suspended 

kguetic  needle,  to  which  it  fluws  parallel.     Before  you  is 

Ked  such  a  needle  win  (fig,  1),  surrounded  bya  covered 

htpper  wire,  the  free  ends  of  which,  w  w,  are  connected 

^th  the  thermo-electric  pile.     The  needle  is  suspended 

f  a  fibre,  s  s,  of  unspmi  silk,  and  yirotected  by  a  glass 


Aitide,  a,  from  all  disturbance  by  currents  ol'  air.  To  one 
Md   of  the  needle  is  fixed  a  piece  of  red,  and  to  the 

iher  end  a  piece  of  blue  paper.  All  of  you  aee  these 
Eleces  of  paper,  and  when  the  needle  moves,  its  motion 

ill  be  clearly  visible  to  the  moat  distant  person  in  this 
This  instrument  is  called  a  galvimumetvi-.f 


I  *  A  brief  dewription  of  tlip  thcrmo-electrio  pUc  is  ff\'eu  in  lIib  Appenilix 
V  thil  Cbapltr. 

L  t  lo  the  mctusl  nirmigemcnt  ilio  galTuiuimitcr  hen  described  stood  oii  a 
il  la  front  of  the  Icvlnrv  iul>lc,  tlio  wiran  a  a  beiug  snfHcienLly  loo);  Ui 
the  titble  tu  (lie  stool.  For  a  further  dfun'rililioa  of  the  in 
W  Ida  Appeiidix  to  Ihi"  Chapter 


I 
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(4)  At  present  the  needle  is  quite  at  rest,  aaci  points 
to  the  zero-mark  on  the  graduated  disc  underneath  it. 
This  shows  that  tliere  is  no  current  passing,  I  breatlie 
for  an  instant  against  the  njiked  face  A  of  the  pile— a 
single  pufF  of  breath  is  sufficient  for  my  purpose — the 
needle  starts  off  and  passes  through  an  arc  of  90°.  It 
would  go  farther  did  we  not  limit  its  swing  by  fixing,  edge- 
ways, a  thin  plate  of  mica  at  this  point.  This  action  of 
the  needle  is  produced  by  the  small  amonnt  of  warmth 
communicated  by  my  breath  to  the  face  of  the  pile,  an-l 
no  ordinary  thermometer  could  give  ho  large  and  prompt 
an  indication.  Take  notice  of  the  direction  of  the  de- 
flection; the  red  end  of  the  needle  moved  from  me 
towards  you.  We  will  let  the  heat  waste  itself;  it  will  do 
so  in  a  very  short  time,  and  you  notice,  as  the  pile  cools, 
that  the  needle  returns  to  its  first  position.  Obsei-ve  now 
the  effect  of  cold  on  the  same  face  of  the  pile.  After 
chilling  this  ^late  of  metal  by  placing  it  on  ice,  I  wipe  the 
metal,  and  touch  with  it  the  face  of  the  pile.  A  moment's 
contact  suffices  to  produce  a  prompt  and  energetic  deflec- 
tion of  the  needle.  But  mark  the  direction  of  the  deflection. 
When  tlie  pile  was  warmed,  the  red  end  of  the  needle 
moved  from  me  towards  you;  now  the  same  end  moves 
from  yon  towards  me.  The  important  point  here  esta- 
blished is,  that  from  the  direction  in  which  the  neeiile 
moves  we  can,  with  certainty,  infer  whether  cold  or  heat 
has  been  commnuicated  to  the  pile;  and  the  energy  with 
which  the  needle  moves — the  promptness  with  which  it  is 
driven  aside  from  its  position  of  rest — gives  us  some  idea 
of  the  quantity  of  heat  or  cold  imparted  in  different  cases. 
On  a  future  occasion  we  shall  learn  how  to  express 
the  relative  quantities  of  heat  communicated  to  the  pile 
with  numerical  accuracy ;  for  the  present  a  general  know- 
ledge of  the  action  of  our  instruments  is  sufficient. 

(5)  My  desire  now  is  to  connect  heat  with   the  more 
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iliiir  forms  of  force,  furnishing  you,  in  the  first  place, 

store  «f  facts   illustrative   of  the   generation  of 

heat  by  mecbanicnl   processes.      In  the   next   room   are 

some   pieces  of  wood,  which   my  assistant  will  hand  to 

me.     The  temperature  of  that  room  is  slightly  lower  than 

the  temperature  of  this  one,  and  hence  the  wood  which 

i>i  now  before  loe  must  be  slij>;htly  colder  than  the  face  of 

the  pile.     Let  us  prove  this.     The  face  of  the  pile  being 

placeii  against  the   piece   of  wood,  the  red  end  of  the 

needle  moves  from  you  towards  me,  thus  showing  that 

the  contact  has  chilled  the  instrument.     I  now  carefully 

BBb  the  face  of  the  pile  along  the  surface  of  the  wood, — 

■Fearefully,'  because  the  pile  is  brittle,  and  rough  usage 

Bpould  destroy  it ; — maric  what  occurs.     The  prompt  and 

Bjfaergetic  motion  of  the  needle  towards  you  declares  that 

^Be  face  uf  the  pile  hiis  been  heated  by  this  tmall  amount 

Bf  friction.      The  needle,  you  observe,  goes  quite  up  to 

BO^  on  the  side  opposite  to  that  towards  which  it  moved 

Btfore  the  friction  was  applied. 

V  {6)  These  experiments,  which  illustrate  the  develop- 
Hseot  of  heat  by  mechanical  means,  must  l)e  to  ua  what  a 
Jjwy'a  school  exercises  are  to  him.  In  order  to  fix  them  in 
Hur  minds,  and  obtain  due  mastery  over  them,  we  must 
Htopoat  them  and  vary  them  in  many  ways.  In  this  task 
noo  faavQ  now  to  accompany  me.  This  fiat  piece  of  bras» 
^■attached  to  a  cork,  which,  when  taken  hold  of,  preserves 
mtiB  brass  from  nil  contact  with  my  warm  hand.  When 
^■le  brass  is  placed  against  the  face  of  the  pile,  the  needle 
B^ves,  showing  that  the  metal  is  cold.  I  now  rub  the  brass 
^Hl  the  Burface  of  this  cold  piece  of  wood,  and  lay  it  once 
Hhore  against  the  pile.  It  is  so  hut,  that  if  allowed  to 
^fcmaiQ  in  contact  with  the  instrument,  the  current  gene- 
Bkted  would  dash  the  needle  violently  against  its  stops,  and 
Hlob&bly  derange  its  magnetism.  You  see  the  strong  deflec- 
Hon  which  even  an  instant's  contact  can  produce.    Indeed, 
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when  a  boy  at  school,  I  have  often  blistered  my  hand 
by  a  brass  button  which  bad  been  rubbed  energetically 
iigaiDst  a  form.  This  razor  has  been  cooled  l>y  contact  with 
ice;  and  along  this  hone,  without  oil,  I  nib  the  cool 
razor  as  if  to  sharpen  it.  On  placing  the  razor  against 
the  face  of  the  pile,  the  steel,  wbicii  a  moment  ago  was 
cold,  ia  declared  hot.  Similarly,  I  take  this  knife  and 
knife-board,  which  are  both  cold,  and  rub  the  knife  along 
the  board.  The  knife,  placed  againat  the  pile,  declares 
itself  t«  be  hot.  I  pass  this  cold  saw  through  this  cold 
piece  of  wood,  and  place,  in  the  first  instance,  the  surface 
of  the  woi>d  against  which  the  saw  has  rubbed,  in  contact 
with  the  pile.  The  needle  instantly  moves  in  a  direction 
which  shows  the  wood  to  be  heated.  Allowing  the  needle 
to  return  to  zero,  I  apply  the  «aw  itself  to  the  pile.  It 
also  is  hot.  These  are  the  Riraplest  and  most  commonplace 
examples  of  the  generation  of  heat  by  friction,  and  they 
are  chosen  for  this  reason.  Mean  as  they  appear,  they 
Hre  illustrations  of  a  principle  which  determineB  the  polity 
■  ■f  the  whole  material  universe. 

(7)  We  have  now  to  consider  the  development  of  heat 
by  compression.  This  piece  of  deal  is  cooled  below  the 
temperature  of  the  room,  and  gives,  when  placed  in  contact 
with  our  pile,  the  deflection  which  indicates  cold.  I  in- 
troduce the  wood  between  the  plates  of  a  small  hydraulic 
press,  and  squeeze  it  forcibly.  When,  after  compression, 
the  wood  is  brought  into  contact  with  the  pile,  the  gal- 
vanomet«r  declares  that  heat  has  been  developed  by  the 
net  of  compression.  Precisely  the  same  thing  occurs  when 
this  block  of  lead  is  fixed  between  the  plates  of  the  press 
and  squeezed  thus  to  flatness. 

(8)  And  now  for  the  efi'ect  of  percussion.  I  place  a 
cold  lead  bullet  upon  this  cold  anvil,  and  strike  it  with 
a  cold  sledge-hammer.   The  sledge  descends  with  a  certain 

'banical  force,  and  its  motion  is  suddenly  arrested  by 
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!  bullet  ami  anvii ;  apparently  the  force  of  the  sledge 
■  destroyed.  But  when  we  examine  the  lead  we  find  it 
is  heated,  and  we  shall  by-and-by  learn  that  if  we  could 
gather  up  all  the  heat  generated  by  the  shock  of  the 
uledge,  and  apply  it  without  loss  mechanically,  we  should 
e  able,  by  means  of  it,  to  lift  the  hammer  to  the  height 

1  which  it  fell. 

I  Another  experiment  is  here  arranged,  which  ifl  almost 
Btio  delicate  to  be  performed  with  the  large  apparatus 
Kessary  to  render  lecture  experiments  visible,  but  which, 
irertheleas,  is  e.a£ily  executed  with  proper  inatruToents. 
a  small  basin  con- 
a  quantity  of 
^  mercury  which  Las 
been  cooled  in  the 
uext  room.  One  of 
the  facM  of  the 
thermo-electric  pile 
is  coated  with  varnish. 
to  defend  it  from  the 
mercury,  which  would 
otherwise  destroy  th*- 
pile.  Thus  protecteil 
it  may,as  you  observe, 
l»e  plunged  into  the 
liquid  metal.  The  deflection  of  the  needle  proves  that  the 
mercury  is  cold.  These  two  glasses,  a  and  b  (fig.  2),  are 
swathed  thickly  round  by  listing,  to  prevent  the  warmth 
of  my  hands  from  reaching  the  mercury.  I  pour  the  cold 
mercury  from  the  one  glatrs  into  the  other,  and  back.  It 
falls  with  a  certain  mechanical  force,  its  motion  So  de- 
stroyed, but  heat  is  developed.  The  amount  of  heat  gene- 
rated by  a  single  pouring  out  is  extremely  small ;  the 
it  be  '  itcrmiued,  but  we  shall 

;r  quantitative  consic  be  present ;  so  we  will 
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pour  the  mercury  from  glass  to  glass  ten  or  fifteen  times. 
Now  mark  the  result  when  the  pile  ia  plunged  into  the 
liquid.  The  needle  moves,  and  its  motion  declares  that 
the  mercury,  which  at  the  beginning  of  the  experiment 
was  cooler,  is  now  warmer  than  the  pile.  We  here  in- 
troduce into  the  lecture-room  an  effect  which  occurs  at  tht; 
base  of  every  waterfall.  There  are  friends  before  me  who 
have  stood  amid  the  foam  of  Niagara.  Had  they,  when 
there,  dipped  sufficiently  sensitive  thermometers  into  the 
water  at  the  top  and  bottom  of  the  cataract,  they  woukl 
have  found  the  latter  warmer  than  the  former.  The  sailor's 
tradition,  also,  is  theoretically  correct ;  the  sea  is  rendered 
warmer  by  a  storm,  the  mechanical  dash  of  its  billows  being 
ultimately  converted  into  heat. 

(9)  Whenever  friction  is  overcome,  heat  is  produced, 
and  the  heat  produced  is  the  exact  measure  of  the  forcf 
expended  in  overcoming  the  friction.  The  heat  is  simply 
the  primitive  force  in  another  form,  and  if  we  wish  to  avoid 
this  conversion,  we  must  abolish  the  friction.  We  put  oil 
upon  the  surface  of  a  hone,  we  grease  a  saw,  and  are  careful 
to  lubricate  the  axles  of  our  railway  carriages.  What  is  the 
real  meaning  of  these  acts  ?  Let  us  obtain  genera!  notions 
first,  and  aim  at  strict  accuracy  afterwards.  It  ia  the 
object  of  a  railway  engineer  to  urge  his  train  from  one  placi- 
to  another;  be  wishes  to  apply  the  force  of  his  steam,  or  of 
the  furnace  which  gives  tension  to  his  steam,  to  this  par- 
ticidar  purpose.  It  is  not  his  interest  to  allow  any  portion 
of  that  force  to  be  converted  into  another  form  of  force 
which  would  not  promote  the  attainment  of  his  object. 
He  does  not  want  his  axles  heated,  and  hence  he  avoids 
as  much  as  possible  expending  his  power  in  heating  them. 
Ill  fact  he  has  obtained  his  force  from  heat,  and  it  is  not 
his  object  to  reconvert  by  friction  the  force  thus  obtained 
into  its  primitive  form.  For  every  degree  of  temperature 
generated  in  his  axlea,  a  definite  amount  would  he  with- 
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nwn  from  the  urging  force  of  his  engine.     There  is  uli 
Iteolute  loBs.     Could  we  gather  up  all  the  heat  generateti 
f  ^e  friction,  and  could  we  apply  it  all  mechanically,  we 
loiild,  by  it,  be  able  to  impart  to  the  train  the  precise 
boUDt  of  speed  which  it  had  lost  by  the  friction.     Thus 
^  one  of  those  railwiiy  porters  whom  you  see  moving 
TOiit  with  his  can  of  yellow  grease,  and  opening  the  little 
which   surround    the    carriage   axles,   is,    without 
Ibowing  it,  illustrating  a  principle  which  forms  the  very 
Bider  of  Nature.     In  so  doing,  he  ia  unconsciously  affirm- 
;  both  the  convertibility  and  the  indestructibility  of 
!e.     He  is  practically  jisserting  that  mechanical  energy 
J  be  converted  into  heat,  and  that  when  so  converted  it 
"cannot  still  exist  as  mechanical  energy  ;  but  that  for  every 
degree  of  heat  developed  in  the  rfXles,  a  strict  and  propor- 
tional equivalent  of  the  locoriwtive  fwce  of  the  engine  dis- 
All  the  force  of  our  locomotives  is  derived  from 
Htt,  and  all  of  it  eventually  becomes  heat.  To  maintain  the 
roper  speed,  the  friction  of  the  train  must  be  continually 
brercome,  and  the  force  spent  in  overcoming  it  is  entirely 
Inverted  into  heat.     An  eminent  writer*  haa  compared 
!  process  to  one  of  distillation :  the  energy  of  heat  in 
e  furnace  passes  into  the  mechanical  motion  of  the  train, 
i  this  motion  reappears  as  heat  in  the  wheels,  asles,  ami 
When  a  station  is  approached,  say  at  the  rate  of 
rty  miles  an  hour,  a  broke  is  applied,  and  smoke  and 
irks  isJrtie  from  the  wheel  on  which  it  presses.     The 
bin  ia  brought  to  rest — How?     Simply  by  convertinj;^ 
B  entire  moving  force  which  it  poEsessed  at  the  moment 
e  brake  was  applied,  into  heat. 
fr(lO)  So  also  with  regard  to  the  gresising  of  a  saw  by  u 
)euter.     He  applies  the  muscular  force  of  his  arm  with 
B  express  object  of  cutting  through  the  wood.  He  wishes 
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to  tear  the  wood  asunder,  to  overcome  its  mecbanical  cohe- 
sion by  the  teeth  of  his  saw.  When  the  saw  moves  stiffly, 
on  account  of  the  friction  gainst  its  flat  surface,  the  same 
amount  of  effort  may  produce  a  much  smaller  effect  than 
when  the  implement  moves  without  friction.  But  in  what 
Hcnae  smaller?  Not  absolutely  so,  hut  smaller  aa  regards 
the  act  of  sawing.  The  force  not  expended  in  sawing 
is  not  lost,  it  is  converted  into  heat;  and  I  gave  you  an 
fXample  of  this  a  few  minutes  ago.  Here  again,  if  we 
could  collect  the  beat  engendered  by  the  friction,  and 
apply  it  to  the  urging  of  the  saw,  we  should  make  good 
the  precise  amount  of  work  which  the  carpenter,  by 
neglecting  the  lubrication  of  bia  implement,  had  simply 
converted  into  another  form  of  power. 

(11)  We  warm  oiu'  hands  by  nibbing,  and  in  the  case  of 
frostbite  we  thus  restore  the  necessary  heat  to  the  injured 
ports.  Savages  have  the  art  of  producing  fire  by  the 
skilful  friction  of  well-chosen  pieces  of  wood.  It  ia  easy 
to  char  wood  in  a  lathe  by  friction.  By  friction  a  lucifer- 
match  is  raiaed  to  the  temperature  of  ignition.  From  the 
feel  of  the  labourers  on  the  flinty  roads  of  Hampshire 
sparks  issue  copiously  on  a  dark  night,  the  collision  of 
their  iron-shod  shoes  against  the  flints  producing  fire. 
The  same  effect  is  often  produced  by  the  omnibus  horses 
in  the  street*  of  London.  In  the  common  flint  and 
steel  the  particles  of  the  metal  struck  off  are  so  much 
heated  by  the  collision  that  they  take  fire  and  bum  in  the 
air.  But  the  heat  precedes  the  combustion.  Davy  found 
that  when  a  gunlock  with  a  flint  was  discharged  in  vacuo, 
no  sparks  were  produced,  but  the  particles  of  steel  struck 
off,  when  examined  under  the  microscope,  showed  signs 
of  fusion.*  Here  is  a  large  rock-crystal :  I  have  only  to 
draw  this  small  one  briskly  over  it,  to  produce  light  and 
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Here  are  two  quartz-pebblea :   1  have  only  t«  riid 
Bietn  together  to  make  them  lurainout;. 

(12)  Aristotle  refers  to  the  heating  of  arrows  by  the 
Hction  cf  the  air;  a  rifle-bullet,  in  passing  through  air, 
fx  also  warmed  by  friction.  The  moat  probable  theoiy 
of  shooting  stars  is  that  they  are  small  planetary  bodies 
revolving  round  the  sun,  which  are  caused  to  swerve  from 
their  orhita  by  the  attraction  of  the  earth,  and  are  raised  to 
incandescence  byfrivtiou  against  our  atmosphere.  Chladni 
propounded  this  view,  and  Dr.  Joule  has  shown  that  the 
atmospheric  friction  is  competent  to  produce  tlie  effect. 
Pe  may,  moreover,  be  correct  in  believing  that  the  greater 
nrtion  of  our  aerolites  are  scattered  into  fragments  by 
%t,  and  the  earth  thus  spared  a  terrible  bombardment.* 
"hese  bodies  move  at  planetary  rates;  the  orbital  ve- 
ciliee  of  the  four  Interior  planete  are  as  follows:^ 

Ullt*  pn  BtOOIKl 
M.TcTiry  .....     30-40 


r»  .  .    ia-3a 

bbile  the  velocity  of  the  aerolites  varies  from  18  to  3(! 
B  a  second.      The  friction  engendered  by  this  enor- 
»  speed  is  certainly  competent  to  produce  the  effects 
icribed  to  it. 

(13)  More  than  sixty-four  years  ago  Count  Rumford, 
prlio  was  one  of  the  founders  of  the  Koyal  Institution, 
rented  a  series  of  experiments  on  the  generation  of  heat 
f  friction,  which,  viewed  by  the  light  of  to-day,  are  of 
ifae  highest  interest  and  importance.  Indeed  the  services 
4tich  the  Founders  and  Professors  of  this  Institution  hav<' 
"  rendered  to  the  philosophy  of  natural  forces  can  never  br 
forgotten.  Thomaa  Young  laid  the  foundations  of  the 
Undnlatory  Theory  of  light,  wliich,  in  its  fullest  applica- 

Pbil'iHipliiraJ  Mnguiino,  4tli  Urnn.  vol.  Iixii.  p.  31H. 
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tion,  embraces  our  prenent  theory  of  heat.  Davy  eni 
tamed  substantially  the  same  views  regarding  heat  aa  tboss'^ 
which  I  am  now  endeavouriug  to  approach  aiid  elucidate. 
Faraday  established  the  lawn  of  equivalence  between 
chemistry  and  electricity,  and  his  magneto -electric  dis- 
coveries were  the  veiy  first  seized  upon  by  Jonle  in 
illustration  of  the  mutual  convertibility  of  heat  and  me- 
cbauical  action.*  Rumford,  in  a  paper  of  great  power 
Iwith  SB  regards  reasoning  and  experiment,  advocated  in 
I798t  the  doctrine  regarding  the  nature  of  heat  which 
the  recent  experiments  of  eminent  men  have  placed  upon 
a  secure  basis.  While  engaged  in  the  boring  of  cannon 
at  Munich,  he  was  so  forcibly  struck  by  the  large  amount 
of  beat  developed  in  the  process,  that  he  was  induced  to 
devise  a  special  apparatus  for  the  examination  of  the  gene- 
ration of  heat  by  friction.  He  had  constructed  a  hollow 
cylinder  of  iron,  into  which  fitted  a  solid  plimger,  which 
was  caused  to  press  against  the  bottom  of  the  cylinder. 
A  box  which  surrounded  the  cylinder  contained  18}  lbs. 
of  water,  in  which  a  thermometer  was  placed.  The  ori- 
ginal temperature  of  the  water  was  60°  F.  The  cylinder 
was  turned  by  horse-iahour,  and  an  hour  after  the  friction 
had  commenced  the  temperature  of  the  water  was  107°, 
having  risen  47°.  Half-an-hour  afterwards  he  found  the 
leinperature  to  be  142°.  The  action  was  continued,  and 
at  the  end  of  two  hours  the  temperature  was  178°.  At 
the  end  of  two  hours  and  twenty  minutes  it  was  200°,  and 
(it  two  hours  and  thirty  minutes  from  the  commencement 
the  u'uter  actually  boiled! 

Rumford's  description  of  the  effect  of  this  experiment 
on  those  who  witnessed  it,  is  quite  delightful.  '  It 
would  he  difBcult,'  he  says,  '  to  describe  the  surprise  and 
aatouishment  expressed  in  the  countenances  of  the  hy- 
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indere  on  feeing  so  large  a  quantity  of  water  heated, 

d  actually  made  to  boil,  without  any  fire,    Thougli  there 

MB  Dotliing  tliat  could  be  considered  very  aurpriHing  in 

^18  matter,  yet  I  acknowledge  fairly  tliat  it  afforded  me 

fk. degree  of  childish  pleasure  which,  were  I   ambitious  of 

reputation   of  a   grave   philoso[iher,   I   ought  most 

Ttainly  rather  to  hide  than  to  discover.'*     I  am  sure 

dispense    with    the    appHcatton    of   any   philo- 

pby  which  would  Btifle  such  emotion  aa  Riimford  here 

^vowed.      In  connection  with   this   striking  experiment, 

■-  Joulf  t  has  estimntf;d  the  amount  of  mechanical  force 

Impended  in   producing  the  heat,  and   obtained  a  remilt 

ich   'IB  not  very  widely  different'   from   that  which 

peater  knowledge  and  more  refined  experiments  enabled 

Doule  himself  to  obtain,  as  regards  the  numerical  equi- 

klence  of  beat  and  work. 

.  (14)  It  would  be  aheiiTd  on  my  part  to  attempt  here  a 
^petition  of  the  experiment  of  Count  Rumford  with  all  its 


DonditioDS.     We  cannot  devote  two  houra  and  n  half  to  m 

ingle  experiment,  but  I  hope  to  he  able  to  show  you 

habatantially  the  same  effect  in  two  minutes  and  a  half. 

Rere  is  a  brass  tube  (b,  fig.  3),  four  inches  long,  and 

'  tbree-quarti^rs  of  an    inch    iDt«rior  diameter.      It  is 
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>.tupped  at  the  bottom,  and  Bcrewi^H  on  to  a  whirling 
table,  by  means  of  which  the  upright  tube  can  be  caused 
(o  rotate  very  rapidly.  These  two  pieces  of  oak  are 
united  by  a  hinge,  in  which  are  two  semicircular  grooves, 
intended  to  embrace  the  brass  tube.  Thus  the  pieces  of 
wood  form  a  kind  of  tongs,  t,  the  gentle  squeezing  of 
which  produces  friction  when  the  tube  rotates.  I  partially 
fill  the  tube  with  coliJ  water,  stop  it  with  a  cork  to  prevent 
the  sptaabing  out  of  the  liquid,  and  now  put  the  macbint; 
in  motion.  As  the  action  continues,  the  temperature  of  the 
water  rises,  and  now  the  tube  is  too  hot  to  be  held  in  thf 
fingers,  Continuiug  the  action  a  little  longer,  the  cork 
is  driven  out  wiib  explosive  violence,  the  steam  which 
follows  it  producing  by  its  precipitation  &  small  cloud  in 
the  atmosphere. 

(15)  la  all  the  cases  hitherto  introduced  to  your  notice, 
heat  hue  been  generaleil  by  the  expenditure  of  mechanical 
force.  Our  experiments  have  shown  that  where  me- 
chanical force  is  expended  heat  is  produced;  avd  I  wisli 
now  to  bring  before  you  the  converse  experiment,  and 
show  you  the  consum-ption  of  heat  in  mechanical  work. 
This  strong  vessel  (v,  tig.  4)  is  filled  at  the  present  moment 
with  compressed  air.  It  has  lain  here  for  some  hours,  so 
that  the  temperature  of  the  air  within  the  vessel  is  now  the 
same  as  that  of  the  air  of  the  room  without  it.  At  the 
present  moment  this  inner  air  is  pressing  against  the  side<« 
of  the  vessel,  and  if  this  cock  be  opened  a  portion  of  the 
air  will  rush  violently  out.  The  word  '  rush,'  however,  but 
vaguely  expresses  the  true  state  of  things;  the  air  which 
issues  is  driven  out  by  the  air  behind  it ;  this  latter 
accomplishes  the  work  of  urging  forward  the  stream  of  air. 
And  what  will  be  the  condition  of  the  working  air  during 
this  process?  It  will  be  chilled.  The  air  executes  work, 
and  the  only  agent  it  cun  call  upon  to  perform  the 
work  id  the  heat  to  which  the  clastic  force  with  which  it 
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presaea  against  the  sides  of  the  vessel  is  entirely  due.  A 
portion  of  this  heat  will  be  consumed,  and  a  loweriLfj 
tif  t(>mperalurt;  will  be  the  consequence.  Observe  the 
experiment,      I   will  turn   the    cock  C  (fig.  4),  and  allow 


n  current  of  air  from  the  vessel  v  to  strike  against  the 

!  of  the  jiile   i'.     The   magnetic  needle  instantly  re- 

ade ;  its  red  end  is  driven  towards  me,  thus  declarinjf 

iiat  the  pile  litis  been  dulled  by  the  current  of  air. 

(16)  The  effect  is  different  when  air  is  urged  from  the 

Ezlo  of  a  t'ommou  bellows  against  the  thermo-electric 

Jlile.     In  the  last   experiment  the   mechanical  work   of 

rging  the  air  forward  was  performed  by  the  air  itself,  and 

j^  portion  of  its  heat  was  consumed  in  the  effort.     In  the 

!  of  the  bellows,  it  is  my  muscles  which  perform  ttif 

rork.     The  upper  board  of  the  bellows  is  raised,  and  the 

hir  rushes  in.     The  boards  are  then  pressed  with  a  cert^n 

rce,  and  the  air  rushes  out.     The  expelled  air,  slightly 

ranned  by  compression,  stribt^s  the  face  of  the  pile;  its 

liotloD  also  is  in  part  stopped,  and  an  amoiint  of  lieat 

lalent  to  the  destruction  of  this  motion  is  instantlv 
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generated.  Thus  you  observe,  that  when  I  direct, with  tbe 
bellows  (tig.  5),  a  current  of  air  against  the  pile,  the  red  end 
uf  the  needle  moves  towards  you,  thereby  showing  that 
the  face  of  the  pile  is,  in  this  instance,  warmed  by  the  air.* 
Here  moreover  is  n,  bottle  of  soda-water,  slightly  warmer 


than  the  pile,  as  yon  see  by  tbe  defiectioii  it  produces.  Out 
the  string  which  holds  it,  the  cork  is  driTeii  out  by  the 
elastic  force  of  the  carbonic  acid  gas :  the  gas  performs 
work,  in  so  doing  it  consumes  heat,  and  now  the  de8ection 
produced  by  the  bottle  is  that  of  cold.  Tbe  truest  romance 
ia  to  be  found  in  the  details  of  daily  life :  and  here,  in  ope- 
rations with  which  eveiy  child  is  familiar,  we  shall  gra- 
dually discern  the  illustration  of  principles  from  which  all 
material  phenomena  flow. 


*  In  tiiia  experiment  it  ii 
nwir  the  pile  ond  to  blow  bi 


nwesearj  to  bring  ihe  iioizlr 
■oiigly. 
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NOTE 
»  THE  COSSTBUCTIOX  Of  THE  THERMO-ELECTRIC  PILE. 

AB  (fig.  6)  be  ft  bar  of  antimony,  and  bc  a  bar  of  biamutli, 

i  l«t  both  bars  be  soldered  together  at  b.     Lot  the  free  ends  a 

1  C  be  united  by  a  piece  of  wire,  XDC.     On         ^ 

,     '      ,   .         .  ,        .  Fib.  e. 

ntng   the   place   of  juiiirtion,    b,   an   electric 

1  generated,  the  direction  of  whicli  is 
1  bismuth  to  antimony  (or  against  the  alplia- 
M),  across  the  junction,  and  from  antimony  lo 
linnutl)  (or  with  the  ulphabet),  through  the  con-  ^ 
Mting  wire,    apc.      The   arrotra    indicate   the 

a  of  the  current. 
If  ihe  junction  D  be  chilled,  a  cnrrent  in  gene- 
rated ojipoted  in  direction  to  the  former.     The 
figure  represcntB  wliat  is  called  a  iht^rmo-electric 
pair  or  couple. 

By  the  union  of  several  therm o-eleutric  pairs 
e  powerful  current  can  be  generated  than 
uld  be  obtained  from  a  single  pair.  Fig.  7  (next  page),  tbrex- 
■inapte,  representa  such  an  arrangement,  in  which  the  shaded  bars 
are  imppoBed  to  be  all  of  bismuth,  and  the  nnahaded  ones  of  atiti- 
mony ;  on  warmin);  nil  the  junctions,  B,  fi,  &c.,  it  cun-ent  is  generated 
in  each,  and  the  sum  of  these  currents,  all  oi  which  flow  in  the 
name  direction,  will  produce  a  stmnger  resultant  current  than  that 
obtained  from  a  single  pair. 

The  V  (brmed  by  each  pair  need  not  be  so  wide  as  it  is 
1  in  fig.  7 ;  it  may  be  contracted  without  prejudice  to  the 
And  if  it  is  desired  to  pack  several  piiirs  into  a  small 
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uoDipass,  ei<cli  separate  couple  may  be  arranged  as  in  fig,  I 
the  black  lint;s  reprcseot  small  bismuth  bars,  uiid  the  nh 
small  bars  of  luitimony.     They  are  soldered  together  at  t 


iiid  throughout  iheir  length  are  iisuaily  separated   by  Btripa   of 
paper  merely.      A   collection  of  pairs  thus 
'"■  compactly  set  together  constitutes  a  thermo- 

2    electric  pile,  a  drawing  of  which  is  given  in 


The  current  produced  by  heat  being  always 
from  bismuth  to  antimony  across  the  heated  junction,  a  moment's 
in-ipection  of  fig,  7  will  show  that  when  any  one  of  the  junctions, 
A,  A,  is  heated, a  current  is  generated  opposed  in  direction  to  that 
generated  when  the  heat  is  applied  to  the  junctions  b,  b.  Hence, 
in  the  case  of  the  thermo-electric  pile,  the  effect  of  heat  fallin}; 
Pj^j  g  upon  its  two  opposite  faces  is  to  produce 

Tcnts  in  opposite  directions.  If  the 
temperatiu-e  of  the  two  faces  be  alike, 
tliey  neutralise  each  other,  no  matter 
how  highly  they  may  be  heated  abso-  ■ 
I  lutely ;  but  if  one  of  them  be  warmer 
.n  the  other,  a  current  is  produced. 
The  current  is  thus  due  to  a  difference  of  temperature  between 
the  two  faces  of  the  pile,  and  within  certain  limiw  tlie  strength  of 
the  current  is  exactly  proportional  to  this  difference. 

From  the  junction  of  almost  any  other  two  metals,  thermo- 
electric currents  may  be  obtained,  but  they  are  most  readily  gene- 
rated by  the  union  of  bismuth  and  antimony.* 

7  of  theriDO-elcctrivity  is  dup  In  Thomas  .SeeUi-li,  Profesiior 
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^^niOTE  ON  THE  CONSTRUCTION  OF  THE  OALVANOMETEK. 

^^1  The  exislencL'  and  direction  of  an  electric  current  are  aliowii 
^Moj  its  action  upon  it  freely  suapended  magiietio  needle. 

But  a«ch  a  needle  ia  held  in  the  magnetic  meridiaD  by  ihi! 
magnetic  force  of  the  earth.  Hence,  to  move  a  single  needle,  the 
current  must  overcome  the  magnetic  force  of  the  earth. 

Very  feeble  currents  are  incompetent  to  do  thia  in  a  sufficiently 
aenaible  degree.  The  following  two  e-tpedients  are,  therefore, 
combined  to  render  sensible  the  action  of  such  feeble  currents : — 

The  wire  through  which  the  current  lions  ia  called  ao  aa  to 
surround  the  needle  several  times;  the  ne(>dle  must  swing  freely 


within  the  coil.     The  action  of  th 

.  urgl. 

curren 

ia  thus  multi- 

plie<l. 

The  second  device  is  to  neutralise  the  directive  forc«  of  the 

earth,  without  prejudice  to  the  m 

ignetism 

of  the  needle.     This 

is  accomplished    by   using  two 

needles  instead   of  one,  attach- 

Flo. 10. 

ing  them  to  a  common  vertical 

Htcm,  and  bringing  their  oppo- 

site poles  over  each  other,  the 

north  end  of  tlie  one  needle  and 

* 

H 

the  Bonlh  end  of  the  other  being 

thns  turned  in  the   same  direc- 
tion.    The  double  needle  Is  re- 
presented Id  Hg.  10. 

„ 

, 

It  must  be  so  arranged  that  one 

of  the 

eediea 

hall  he  within 

tlie  coil  through  which  the  current  flows,  while  the  other  needle 
■wings  freely  above  the  coil,  the  vertical  connecting  piece  puseing 
through  an  appropriate  slit  in  the  coil.  Were  both  the  needles 
srithin  the  coil,  the  same  current  would  urge  them  in  opposite 
:^oDS,  and  thus  one  needle  would  neutralise  the  other.  Btit 
within  and  the  other  without,  the  current  urges  botli 
Deedles  in  the  same  direction. 


in  the  Univaraity  of  Berlin, 
pilo  ;  but  in  MsUoai's  handii 
•npenwd"  (U  othrn  in  reirat 
br  applied  on  futars  o 


Wlthll 
Rfiiecl 
^"wlien 


Nubili  oonsUiwtcd  the  first  thermo-electric 
it  Ijecanm  an  inBttBmcQt  bo  importanl  lu  to 
lies  oil  rodiuQl  hrul.     To  tbin  purpoii''  it  will 
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The  way  to  prepare  aiicli  a  pair  of  needles  is  this.  Magnetise 
l>oth  of  tliem  to  Haltiration;  then  EUspeDd  Oiem  in  h  vessel,  or 
under  n  eliade,  to  protect  ihem  from  air-currente.  The  system 
will  probably  set  in  the  magnetic  meridiaa,  ouo  needle  lieing  in 
idmoat  all  cases  Btronger  l!ian  the  other ;  weaken  the  stronger 
needle  carefully  by  the  touch  of  a  second  smaller  mngnet.  When 
the  needles  are  precisely  equal  in  strength,  they  will  set  nt  right 
angles  to  the  magnetic  meridian. 

It  might  be  supposed  that  when  the  needles  are  equal  in 
Htrength,  the  directive  force  of  the  earth  would  be  completely 
annulled,  that  the  double  needle  would  be  perfectly  astatic, 
and  perfectly  neutral  as  regards  direction ;  obeying  simply  the 
torsion  of  ita  suspending  fibre.     This  would  be  the  case  if  the 


magnetic  axes  of  both  needles  could  be  caused  to  lie  with  mathe- 
matical accuracy  in  the  same  vertical  plane.  In  practice  this  is 
almost  impossible;  tlic  axes  always  cross  each  other.  Let  n  s. 
It'  y  (fig.  1 1 )  represent  the  axes  of  two  needles  lliiis  crossing,  the 
magnetic  meridian  being  parallel  to  ii  e  ;  let  the  pole  n  be  dmwn 
by  the  earth's  attraclive  force  in  the  direction  n  m  ;  the  pole  «' 
l>eing  urged  by  ibe  repulsion  of  the  earth  in  a  precisely  opposite 
direction.  When  the  poles  a  and  «'  are  of  exactly  equal  sTrength 
it  is  manifest  that  the  force  octing  on  the  pole  s',  in  the  case  here 
supposed,  would  have  the  advantage  as  regards  leverage,  and 
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ai 


rould  therefore  overcome  the  force  acting  on  n.     The  crossed 
luld  tliercfure  turn  away  etill  turther  from  the  mag- 
I'tietic  meridian,  and  a  little  reflection  vill  show  that  they  cannot 
o  rest  until  the  line  which  bisects  the  angle  enclosed  by 
l^ifte  needles  is  at  right  angles  to  the  magaetic  meridian. 

3  tlie  test  of  perfect  equality  as  r^ards  the  magnetiBui 

K'Of  the  noedics;   i>ut  in  bringing  the  needles  to  thia  state  of  per- 

pfection  we  have  oAcu  to  pass  through  various  stiiges  of  obliquity 

)   to  tlie  m^netic  meridian.     In  these  cases  the  superior  strength  of 

I  needle  is  compensated  by  an  advant^e,  as  regards  leverage, 

1  by  the  other.      By  a  happy  accident  a  toucli  is  some- 

s  sufficient  to  make  the  needles  perfectly  equal ;   but  many 

Lhours  are  often  expended  in  secnring  this  result.     It  is  only  of 

(pouTEe  in  very  delicate  experiments  that  thia  perfect  equality  is 

ut  in  such  experiments  it  is  essential. 

Anolber  grave  difficulty  has  beset  experimenters,  eve 

i  magnetisation  of  their  needles  has  been  acci 

hich  needles  are  sensitive  to  the  slightest  magnetic  a 

the  covered  copper  wire,  of  which  the  galvanometei 

formed,  usually  contiiina  a  truce  of  iron  sufficient  to 

prepared  needle  from  its  true  position.    1  Lave  had  coils  in  which 

J  .tliis  deflection  amounted  to  thirty  degrees;  and  in  the  splendid  in- 

menta  used  by  Professor  Du  Bois  Itaymond,  in  his  researches 

■OB  aninud  electricity,  the  deflection  by  the  coil  is  sometimes  even 

enter  than  this.  Meljoni  encountered  (his  difficulty, and  proposed 

,t  the  wires  should  be  drawn  through  agate  holes,  thus  avoiding 

t  with  iron  or  steel.      The  disturbance  has  always  been 

M  a  trace  of  iron  contained  in  the  copper  wire.     Ture 

Ever  baa  also  bei'u  proposed  instead  of  copper. 

To  pursue  his  beautiful  thermo-electric  researches  in  u  aatis- 

^tory  manner,  Professor  Magnus,  of  Berlin,  obtained  pure  copper 

^y  a  most  laborious  electrolytic  procesa,  and  after  the  metal  had 

been  obtained  it  required  to  be  melted  eight  times  in  auceesaioii 

befor«  it  could  be  drawn  into  wire.     In  fkct  the  impurity  of  the 

^Coil  entirely  vitiated  the  accuracy  of  the  instnuiients,  and  almotit 

y  amount  of  labour  would  be  well  expended  in  removing  tliis 

iat  defect. 

I  experience  of  this  subject  is  instructive.     1  had  >i 
eautiful  instrument  constructed  a  few  years  ugo  by  Sauerwidd, 


□  after  lh>' 
)mp!iBhed. 

'  coda  are 
di'dect  the 
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of  Berlin,  the  coil  of  which,  when  no  current  fiowetl  through  it, 
deflected  my  double  needle  fully  thirty  degrees  from  the  zero  line. 
It  wan  impossible  to  attain  quantitative  accuracy  with  this  in- 


I 


I  had  the  wire  removed  by  Mr.  Becker,  and  English  wire  used 
in  its  stead ;  the  deflection  toll  to  three  degrees. 

This  was  a  great  improvement,  but  nut  sufficient  for  my  pur- 
pose. I  commenced  making  enquiries  about  the  possibility  of 
obtaining  pure  copper,  but  the  result  was  very  discouraging. 
When  almost  despairing,  the  following  thought  occurred  to  me: — 
The  action  of  the  coil  must  be  due  to  the  admixture  of  iron  with 
the  copper,  for  pure  copper  is  diamagnetic,  it  is  feebly  repelled  by 
ii  strong  magnet.  The  magnet  therefore  occurred  to  me  as  a  means 
of  inslant  analysis  ;  I  could  tell  by  it,  in  a  moment,  whether  my 
wire  was  free  from  magnetic  metal  or  not. 

The  wire  of  M,  Sauerwald'a  coil  was  strongly  attracted  by  the 
magnet.  The  wire  of  Mr.  Becker's  coil  was  also  attracted,  though 
in  a  much  feebler  degree. 

Both  wires  were  covered  with  green  silk  :  I  removed  this,  but 
the  Berlin  wire  was  still  attriicled ;  the  English  wire,  on  the  con- 
trary, when  presented  naked  to  the  magnet  was  feebly  repelled; 
it  wan  truly  diamagnetic,  and  contained  no  sensible  trace  of  iron. 
Thus  the  whole  annoyance  was  fixed  upon  (he  green  silk ;  some 
iron  compound  had  been  used  in  the  dyeing  of  it,  and  to  this  the 
deviation  of  the  needle  from  zero  was  manifestly  due. 

I  had  the  green  coating  removed  and  the  wire  overspun  with 
white  silk,  dean  hands  being  used  in  the  process.  A  perfect 
galvanometer  is  the  result ;  the  needle,  when  reJeased  from  the 
action  of  the  current,  rettu-ns  accurately  to  zero,  and  is  perfectly 
Iree  &om  all  magnetic  action  on  the  part  of  the  coil.  In  fact,  while 
we  have  been  devising  agate  plates  and  other  learned  methods  to 
get  rid  of  the  nuisan::e  of  a  magnetic  coil,  the  means  of  doing  so 
are  at  hand.  Let  the  copper  wire  be  selected  by  the  magnet, 
and  no  difficulty  will  be  experienced  in  obtaining  specimens 
magnetically  pure. 
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CHAPTER  II. 


*17)  rPHE   development  of  beat  by  uiechaQical  action 

f  X   was  illustrated  by  suitable  experiments  when  we 

ist  iissembled  here.     But  experimental  facte  alone  cannot 

itisfy  the  human  mind;   we  desire   to   know  the  cause 

f  the  fact ;  we  search  aft«r  the  principle  by  the  opera- 

nion  of  which  the  phenomena  are  produced.     V>'hy  should 

iftt  be  generated  by  mechanical  action,  and  what  is  the 

■Teal  nature   of  the   agent   thus   generated?     Two   rival 

theories  have  been  offered  in  answer  to  these  questions, 

re  named  respectively  the  material  theory,  and  the 

^namiail,  or  mechanical,  theury  of  heat.    For  a  long  time, 

Kiwftver,  the  former  of  these — the  material  theory — had 

the  greater  number  of  adherents.     Within  certain  limits 

I  involved  conceptions  of  a  very  simple  kind,  and  this 

aamplicity  secured  its  general  acceptance.     The  material 

Hieory  supposes  heat  to  be  a  kind  of  matter — a  subtle 

4uid    otored   up   in   the   inter-atomic  spaces   of  bodies. 

"he  laborious  Gmelin,  for  example,  in  his  Handbook  of 

■Cbemistry,  defines  heat  to  be  '  that  substance  whose  en- 
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trance  Into  our  bodies  causes  the  sensation  of  warmth.  And 
its  egress  the  sensatiou  of  cold,'*  He  also  speaks  of  heat 
combining  with  bodies  as  one  ponderable  substance  does 
with  another;  and  many  other  eminent  chemists  treat  the 
subject  from  the  same  point  of  view. 

(18)  The  development  of  heat  by  mechanical  means, 
inasmuch  as  its  geDeration  seemed  unlimited,  was  a  great 
difficulty  with  the  materialists ;  but  they  were  acquainted 
with  the  faot  (which  shall  be  amply  elucidated  on  a  future 
occasion),  that  different  bodies  possess  different  powers  of 
holding  beat,  if  sutb  a  term  may  be  employed.  Take,  for 
example,  the  two  liquids,  water  and  mercury,  and  warm 
a  pound  of  each  of  tbem,  say  from  fifty  degrees  to  sixty. 
The  absolute  quantity  of  heat  required  by  the  water  to 
raise  its  temperature  ten  degrees  is  fully  thirty  times  the 
quantity  required  by  the  mercury.  Technically  speaking, 
the  water  is  said  to  have  a  greater  capacity  for  heat  tban 
the  mercury  has,  and  this  term  'capacity'  suggests  the 
views  of  those  who  invented  it.  The  water  was  supposed 
to  possess  the  power  of  storing  up  the  caloric  or  matter  of 
heal ; — of  hiding  it,  in  fact,  to  such  an  extent  that  it  re- 
quired thirty  measures  of  this  calorie  to  produce  the  same 
sensible  effect  on  water  that  one  measure  would  produce 
upon  mercury. 

(19)  All  substances  possess,  in  a  greater  or  less  degjee, 
this  apparent  power  of  storing  up  heat.  Lead,  for  ex- 
ample, possesses  it;  and  our  experiment  with  the  lead 
bullet,  in  which  heat  was  generated  by  compression,  was 
eicplained  by  those  who  held  the  material  theory  in  the 
foUowii^  way.  The  uncompressed  lead,  they  said,  has  a 
higher  capacity  for  heat  than  the  compressed  substance ; 
the  size  of  its  atomic  storehouse  is  diminished  by  com- 
pression, and  hence,  when  the  lead  is  squeezed,  a  portion 

at  which,  previous  to  compression,  was  hidden, 
'  English  iniinl-ition.  vol.  i.  p.  22. 
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must  make  its  appearance,  for  the  compressed  substance 
can  no  longer  hold  it  all.  In  some  siniilar  way  the  ex- 
periments on  friction  and  percussion  were  accounted  for. 
The  idea  of  calling  new  heat  into  existence  was  rejected 
by  the  believers  in  the  material  theory.  According  to  theii- 
viewB,  the  quantity  of  heat  in  the  universe  is  as  constant. 
OS  the  quantity  of  ordinary  matter,  and  the  utmost  we  can 
do  bj  mechanical  and  chemical  means,  is  to  store  up  this 
heat,  or  to  drive  it  from  its  lurking-places  into  the  open 
day. 

(20)  The  dynamical  theory,  or,  as  it  is  sometimes 
called,  the  mechanical  theory  of  heat,  discards  the  idea  of 
materiality  as  applied  to  heat.  The  supporters  of  thif= 
theory  do  not  believe  heat  to  be  matter,  but  an  accident 
or  condition  of  matter ;  namely,  a  motion,  of  its  ultimah 
particles.  Krom  the  direct  coEtempl»tion  of  some  of  the 
phenomena  of  heat,  a  profound  mind  is  led  almost  instinct- 
ively to  conclude  that  heat  is  a  kind  of  motion.  Bacou 
held  a  view  of  this  kind,*  and  Locke  stated  a  similar 
view  with  singular  felicity.  '  Heat,"  he  says,  '  is  a  very 
brisk  agitation  of  the  insensible  parts  of  the  object,  which 
produces  iu  us  that  sensation  from  whence  we  denominate 
the  object  hot :  so  what  in  our  sensation  is  Imat,  in  the 
object  is  nothing  but  ntoiion.'  The  experiments  of  Count 
Riunford  f  on  the  boring  of  cannon  have  been  already  re- 
ferred to.  Now  he  showed  that  the  hot  chips  cut  from  his 
cnnnon  did  not  change  their  capacity  fur  heat ;  he,  moreover, 
collected  the  scales  and  powder  produced  by  the  abrasion  of 
metal,  weighed  them,  and  demanded  whether  it  could 
believed  that  the  vast  amount  of  heat  which  he  had 

Sre  Appi-ndix  to  Ihia  ChupCor, 

t  1  have  particukr  pleasure  ia  diretiting  Ibo  render's  ntunlisii  l«  nil 

■b»lr»ct  ur  Connt  Rumford's  momoir  on  the  Gonrration  of  Hrat  by  Friction. 

oontitiDiHl  ia  the  Appendix  to  this  Chiipt«r.    Uamfonl,  in  this  mrinoir. 

~    dliiUira  the  material  theory  of  lienl.      Nothing  more  poworful  hns  sini'ii 
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a«ierated  had  been  all  squeezed  out  of  that  modicum  of 
i-nished  metal.  '  You  have  not,'  he  might  have  urged  on 
those  who  maintained  this  view,  'given  yourselves  the 
trtmble  to  enquire  whether  any  change  whatever  has 
he€n  produced  by  friction  in  the  capacity  of  the  metal  for 
heat.  You  are  quick  in  inventing  reasons  to  save  your 
theory  from  destruction,  but  glow  to  enquire  whether  these 
tvasons  are  not  merely  the  finespun  fancies  of  your  own 
liminB.'  Theories  are  indispensable,  but  they  .sometimes  act 
like  drugs  upon  the  mind.  Men  grow  fond  of  them  as 
they  do  of  dram-drinking,  and  feel  discontented  and  iraa- 
i-ihle  when  the  stimulant  to  the  imagination  is  taken  away. 

(21)  At  this  point  an  experiment  of  Davy  comes  forth 
in  its  true  Kigniticance."  Ice  is  solid  water,  and  the  solid 
has  only  one-half  the  capacity  for  heat  that  liquid  water 
poaoeiiaes.  A  quantity  of  heat  which  would  raise  a  pound 
.if  ice  ten  degrees  in  temperature,  would  raise  a  pound  of 
water  only  five  degrees.  Further,  simply  to  liquefy  a  mass 
of  ice,  an  enormous  amount  of  heat  is  necessary,  this  beat 
being  M>  utterly  absorbed  or  rendered  '  latent '  as  to  make 
no  impreseion  upon  the  thermometer.  The  question  of 
'  Ifttent  heat '  shall  be  fully  discussed  in  its  proper  place : 
what  I  am  desirous  of  impressing  on  you  at  present  is, 
that,  taking  the  materialists  on  their  own  ground,  liquul 
H'Oi^t  *t  its  freezing  temperature,  possesses  a  vastly  greater 
Hinount  of  heat  than  ice  at  the  same  temperature. 

(22)  Davy  reasoned  thus:  'If  I,  by  friction,  liquefy  ice, 
H  Hiibi^nce  will  be  produced  which  contains  a  far  greater 
nl)tu>t'it<-  ammint  of  heat  than  the  ice;  and  in  this  case,  it 
dion'it  wilh  any  show  of  reason  be  affirmed  that  I  merely 
rc  lie  heat  which  had  been  previously  insensible 

mass.  Liquefaction  in  this  case  will  conclu- 
tnUe  a  generation  of  heat,'  He  made  the 
ad  liquefied  the  ice  by  pure  friction  ;  and  the 
•  Wgiki  of  Kt  H.  Dbtj.  rol.  ii.  p.  1 1. 
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result  Laa  been  regarded  aa  the  first  which  really  proved 
the  immateriality  of  heat. 

(23)  When  a  hammer  strikes  a  bell  the  motion  of  the 
hammer  is  arrested,  but  not  destroyed ;  it  has  been 
sthivered  into  vibrations,  which  impart  motion  to  tlie  air 
and  affect  the  auditory  nerve  as  sound.  So  also  when 
i>nr  sledge-hammer  descended  upon  our  lead  bullet,  the 
descending  motion  of  the  sledge  was  arrested :  but  tt  was 
not  destroyed.  The  motion  waa  trarisfei-red  to  the  attymn 
of  tiie  lead,  and  amiounced  itself  to  the  proper  nerves  as 
heat.  The  theory,  then,  which  Rumford  so  powerfully 
advocated,  and  which  Davy  so  ably  supportetl,*  is  that 
heat  is  a  kind  of  molecular  motion ;  and  that  by  Miction, 
percussion,  and  compression,  this  motion  may  he  gene- 
rated, as  well  as  hy  combuslion.  This  is  the  theory  which 
it  shall  be  my  aim  to  develope  until  your  minds  attain  to 
perfect  cleame^  regarding  it.  At  the  outset  you  must 
exercise  patience.  We  are  entering  a  jungle  and  striking 
into  the  brambles  in  rather  a  random  fashion  at  first. 
But  we  shall  thus  make  ourselves  acquiduted  with  the 
general  character  of  our  work,  and  with  due  persistence 
cut  through  alt  entanglements  at  last. 

(24)  Vou  have  already  witnessed  the  effect  of  project- 
ing a  current  of  compressed  air  against  the  face  of  the 
thermo-electric  pile  (page  15).  The  instrument  vas 
chilled  by  the  current  of  air.  Now  hi^nt  is  known  to  be 
developed  when  air  is  compressed  ;  and  I  have  been  asked 

^jepeatedly  how  this  heat  was  disposed  of  iu  the  case  of 


•  Ja  'Dtwft  flnt  KJentiBc  memoir  he  calls  hoot  a  rcpiilflirp  motion,  which 
^Mf*  latrf  ht  •ugmested  in  varioan  ways.  '  Firel.  by  the  trunBmutalion 
or  mecluuiiaLl  iolo  repaliive  motion  ;  that  is,  by  friction  or  peicnssion.  In 
this  taae  the  mechiuiical  motioa  IobL  by  the  nuudeg  o(  matter  in  friclioa  is 
'ho  repulsiTe  motion  gained  by  their  ciirpusolra  : '  an  eitremeJy  remMkable 
pUMp^  I  hayp  giTen  forthfr  eitmcls  from  this  paper  in  th«  Appcnilix  to 
Chnpter  III. 
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the  condensed  air  employed  in  the  experiment  referred  to. 
Pray  listen  to  my  reply.  Supposing  tbe  vessel  whicli 
contained  the  air  to  be  formed  of  a.  substance  perfectly 
impervious  to  heat,  and  supposing  all  the  heat  developed 
by  my  arm,  in  compressing  the  air,  to  be  retained  within 
the  vessel,  thai  quantity  of  heat  would  be  exactly  com- 
peten  t  to  undo  what  had  been  done,  and  to  restore  the  com- 
pressed air  to  its  original  volume  and  temperature.  But 
this  vessel  v  (fig.  12)  is  not  iuipervious  to  heat,  aud  it  was 


"my  object  to  draw  upon  the  heat  developed  by  my 
arm ;  after  condensation,  therefore,  the  vessel  was  allowed 
to  rest  till  all  the  beat  generated  by  the  condensation 
was  dissipated,  and  the  temperature  of  the  air  within 
and  without  the  vessel  was  the  same.  When,  therefore, 
the  air  nisbed  out,  it  had  not  the  heat  to  draw  upon 
which  had  been  developed  during  compression.  The  heat 
from  which  it  derived  its  elastic  force  was  only  sufficient 
*o  keep  it  at  the  temperature  of  the  surrounding  air.     In 

ug  its  work  a  portiou  of  this  heat,  equivalent  to  the 


t.. 
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work  done,  was  comuined,  and  the  issuing  air  was  con- 
sequently chilled.  Do  not  be  disheartened  if  this  reason- 
ing should  not  appear  quite  clear  to  you.  We  are  now  in 
companitive  darkneaa,  but  as  we  proceed  light  will  gra- 
dually appear,  and  irradiate  retrospectively  our  present 
gloom. 

(2o)  I^et  rae  now  make  evident  to  you  that  heat  is  de- 
veloped by  the  compression  of  air.  Here  is  a  strong  cylinder 
of  gloss  TU  {fig.  13),  accurately  bored,  and  quite  smooth 
within.  Into  it  this  piston  fiU  air-tight,  so  that,  by  driving 
the  piston  dowu,  the  air  underneath  it  is  forcibly  p 
compressed ;  and  when  the  air  is  thus  compressed, 
heat  is  suddenly  generated.  Tinder  may  be 
ignited  by  this  heat.  Here,  moreover,  ia  a  morsel 
of  cotton  wool,  wetted  with  an  inflammable  liquid, 
the  bisulphide  of  carbon.  I  throw  the  bit  of  wet 
cotton  into  the  glass  syringe,  and  instantly  eject 
it.  It  hau  left  behind  it  a  residue  of  vapour. 
On  compressing  the  air  suddenly,  the  heat  de- 
veloped is  sufficient  to  ignite  the  vapour,  and 
you  see  a  flash  of  light  within  the  syringe. 
\or  is  it  necessary  to  eject  the  cotton;  I  re- 
place it  in  the  tube,  and  urge  the  piston  down- 
wards; you  see  the  flash  as  before.  If  with 
a  narrow  glass  tube  the  fumes  generated  by  the 
combustion  of  the  vapour  be  in  every  instance 
blown  away,  without  once  removing  the  cotton 
from  the  syringe,  the  experiment  may  be  repeated  c 
and  the  fla-ah  of  light  obtained  twenty  times  in  succession. 

("ifi )  The  chilling  effect  of  a  current  of  compressed  air 
on  the  thermo-electric  pile  has  been  already  illustrated. 
Here  is  another  illustration  of  the  thermal  eR'ect  pro- 
duced in  air  by  its  own  mechanical  action.  This  tiu 
tube  is  stopped  at  both  ends,  and  connected  with  an  air- 
puinp.     The  tube  is  at  present  fu"  and  the  face 
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of  the  thermo-electric  pile  rests  against  its  curved  BUrfact. 
The  galvanometer  declares  that  the  face  of  the  pile  in 
contact  with  the  tube  has  been  warmed  by  the  latter,  I  waa 
prepared  for  this  result,  having  reason  to  know  that  the 
air  within  the  tube  ia  slightly  warmer  than  that  without. 
We  will  now  cause  this  air  to  perform  work,  and  then 
examine  the  thermal  condition  of  the  vessel  in  which 
the  work  has  been  performed.  We  will  work  the  piimp ; 
the  cylinders  of  the  luachine  will  be  emptied,  and  the 
air  within  this  tube  will  be  driven  into  the  exhausted 
cylinders  by  its  own  elastic  force.  This  is  the  work  that 
it  performs,  and  as  the  tube  is  exhausted  you  will  see 
the  needle,  which  is  now  deflected  so  considerably  in  the 
direction  of  heat,  descend  to  zero,  and  pass  quite  up  to  90° 
in  the  direction  of  cold.  The  pump  is  now  in  action,  and 
you  observe  the  result.  The  needle  falls  as  predicted,  and 
its  advance  in  the  direction  of  cold  is  only  arrested  by  its 
concussion  against  the  stops. 

(27)  Three  strokes  of  the  pump  suffice  to  chill  tie  tube 
HO  as  to  send  the  needle  up  to  90°  ;*  let  it  now  come  to  rest. 
It  would  require  more  time  than  we  can  afford  to  allow 
the  tube  to  assume  the  temperature  of  the  air  around  it : 
but  the  needle  is  now  sensibly  at  rest  at  a  good  distance  on 
the  cold  side  of  zero.  Turning  on  this  cock,  the  air  will 
rush  in,  and  each  of  its  atoms  will  hit  the  inner  surface 
of  the  tube  like  a  projectile.  The  mechanical  motion  of 
the  atoms  will  be  thereby  annihilated,  but  an  amount  of 
heat  equivalent  to  this  motion  will  be  generated.  This 
heat  will  be  sufficient  to  re-warm  the  tube,  to  undo  the 
present  deflection,  and  to  send  the  needle  up  on  the  heat 
side  of  zero.     The  air  is  now  entering,  and  you  see  the 

*  Tbe  galvanometfir  used  in  this  expnrimeDt  Was  thAt  which  I  emplo;  in 
my  original  resi^BrehcB :  it  is  an  cioeeditigly  (ielifutc  one.  Whun  here 
introduciiri,  ilti  dinl  vnf  lUuminsted  \iy  tbe  electric  lijiLt;  hqiI  an  image  of 
I,  two  feet  iu  tiiiimelir,  Was  projected  on  *  scrofo. 
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effect ;  the  needle  moves,  and  goes  quite  up  to  90°  on  that 
aide  which  indicates  the  heating  of  the  pile.* 

(28)  I  have  now  to  direct  your  attention  to  an  impor- 
tant efftct  connected  with  this  chilling  of  the  air  by  rare- 
faction. On  the  plate  of  the  air-pump  is  placed  a  large 
fjlass  receiver,  which  is  now  filled  with  the  air  of  this 
room.  This  air,  and,  indeed,  all  air,  unless  it  be  dried 
artificially,  contains  a  quantity  of  aqueous  vapour  which, 
aa  vapour,  is  perfectly  invisible.  A  certain  temperature  is 
requisite  to  maintain  the  vapour  in  this  invisible  state, 
and  if  the  air  be  chilled  so  as  to  bring  it  below  this  tem- 
perature, the  vapour  will  instantly  condense,  and  form  a 
visible  cloud.  Such  a  cloud,  which  you  will  remember  is 
not  vapour,  but  liqxtid  water  in  a  Btate  of  fine  division, 
will  form  within  this  glass  vessel  B  (fig.  14),  when  the  air 
is  pumped  out  of  it ;  and  to  make  this  effect  visible  to 
everybody  present,  to  those  right  and  left  of  me,  as  well 
as  to  those  in  front,  these  eight  little  gas  jets  are  arranged 
in  a  semicircle  which  half  surrounds  the  receiver.  Each 
person  present  sees  one  or  more  of  these  jets  on  looking 
through  the  receiver;  and  when  the  cloud  forms,  the 
dimness  which  it  produces  will  at  once  declare  its  pre- 
sence. The  pump  is  now  quickly  worked,  and  a  very 
few  strokes  suffice  to  precipitate  the  vapour.  It  spreads 
throughout  the  entire  receiver,  and  many  of  you  see  a 

*  In  thi«  piperimentniTK're  Viae  nlonglhe  surfacp  of  the  taho  was  in  con- 
Ijrt  witli  thu  face  of  the  pilp.  and  the  heat  hud  to  prnpagnte  itself  through 
the  tiu  euvctope  to  reach  the  instrutnont.  PreriouBlj  tu  ndniiliog  lhi« 
.'unngemcnt  I  hvl  the  tube  pierced,  nod  n  lepurate  pile,  with  its  nuked  fat'e 
lumed  inwuils,  cemeutedair-tighlintD  the  orifice.  Tile  pile  enme  Uiui  into 
direct  nntnct  with  the  nir,  and  its  entiro  fare  was  ripuaed  la  the  action. 
The  rUbet*  thus  ubloined  were  very  large ;  aoffidcot,  ini]M>d,  to  swing  thi' 
needle  quite  mnnd.  M;  desire  to  complicate  the  subjevt  as  iittlo  as  pos- 
*ible  induced  me  to  slauilon  the  CPm.ntfd  pile,  and  to  make  use  of  the 
It  with  which  my  audience  hat!  already  becomp  firniilisr.  With 
actually  adoplod  the  effucta  were,  moreover,  so  large,  tlist 
BEly  on  a  portion  of  my  power. 
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colouring  of  the  cloud,  as  the  light  shioeB  through  it,  simi- 
lar to  that  observed  sometimes,  on  a  large  scale,  around 
the  moon.  When  the  air  is  allowed  to  re-enter  the  vessel,  it 
is  heated,  exactly  aa  in  the  experiment  with  our  tin  tube 


the  cloud  melts  away,  and  the  perfect  transparency  of  the 
air  within  the  receiver  is  restored.  Again  we  exhaust,  and 
again  the  c!ond  forma ;  once  more  the  air  enters  aud  the 
cloud  disappears ;  the  heat  developed  being  more  than  suf- 
ficient to  preserve  it  in  the  state  of  vapour.* 

(29)  Sir  Humphry  Davy  refers,  in  his  Chemical  Philo- 
sophy, to  a  machine  at  Schemnitz,  in  Hungary,  in  which 

*  A  t)iT  roote  beautiful  rnoAn  of  demonBtration  vaa  subsequently  resorMd 
to.  Remoring  the  Ipub  from  iho  cnmem  of  an  f  lectric  lamp,  the  rays  from 
the  eoal-pointe  iBsurd  divergent,  A  lurgp  plnno-oonTci  lena  tus  placed  in 
front,  BO  an  to  eouTert  the  divergent  Nine  into  a  convergent  one,  and  caused 
the  i»no  to  pUH  through  the  receiver.  It*  track  -was  nt  tlrat  inriaible,  bnt 
loo  or  thr^  strokes  of  the  pnmp  precipitated  tile  rapour,  and  then  the 
imck  of  the  beam  tlirough  the  receiTer  resembled  a  white  aolid  bar.  Altvr 
cnwsing  the  receiver,  the  light  fell  upon  a  white  screen,  and  cihibitml 
■d  diffraction  solours  when  ihc  cloud  f"nncd. 
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air  was  compressed  by  a  columu  of  water  260  feet  iu 
height.  When  a  stopcock  waa  opened  so  as  to  allow  the 
air  to  escape,  a  degree  of  cold  waa  produced  which  not 
only  precipitated  the  aqueous  vapour  diffused  iti  the  iiir, 
but  caused  it  to  congeal  iu  a  shower  of  snow,  while  the 
pipe  from  which  the  air  issued  became  bearded  with  icicles. 
■  Dr.  Darwin,'  writes  Davy, '  has  iogeoinusly  explained  the 
production  of  snow  on  the  tops  of  the  highest  mountains, 
by  the  precipitation  of  vapour  from  the  rarefied  air  whicli 
ascends  from  plains  and  valleys.  The  Andes,  placed 
almost  under  the  line,  rise  in  the  midst  of  buraiug  sands ; 
about  the  middle  height  is  a  pleasant  and  mild  climate ; 
the  summits  are  covered  with  unchanging  snows,' 

(30)  And  now  I  would  request  your  attention  to  an  ex- 
periment, iu  which  beat  will  be  developed  by  what   must 
appear  to  many  of  you  a  very  myaterious  agency,  aud 
indeed  the  most  instructed  amongst  us  know,  in  reality, 
very  little  about  the  subject.     I  wish  to  develope  heat  by 
what  might  be  regarded  as  friction  against  pure  space. 
And  indeed  it  may  be,  aud  probably  is,  due  to  a  kind  of 
friction   against  the   intcr-atellar  mediuuj,  to  which   we 
shall  have  occasion  to  refer  more  fully  by-and-hy. 
^L    (31)  Here  is  a  mass  of  iron — part  of  a  link  of  a  huge 
^Bjbun  cable — which  is  surrounded  by  these  multiple  coils 
^Pof  copper  wire  cc   (tig,  15),  and   which  can  instantly  he 
converted  into  :i  powerful  magnet  by  sending  an  electric 
current  through  the  wire.     Ynu  see,  when  thus  excited, 
how  powerful  it  is.     This  poker  clings  to  it,  and  these 
Htartbisels,   screws,   and  nails   cling  to   the  poker,     Turned 
^Bffieide  down,  this  magnet  will  hold  a  half-hundredweight 
^Hjfttsched  to   each   of   it^  poles,  and  probably  a  score  of 
^Bbe  heaviest  people  in  this  room  if  suspended  from  the 
^MreightB.     At  the  proper  signal  my  assistant  will  inter- 
^Btapt  the   electric   current.     The  iron   falls   and  all  the 
^^btgic   disappears:    the   magnet    now   is   mere   • 
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On  the  endfl  of  the  magnet  are  placed  two  pieces  of 

a  pp — moveable  poles,  as  tbey  are  called — which,  when 

|ie  magnet  is  unexcited,  can  be  brought  within  any  re- 

lired  distance  of  each  other.     When  the  exciting  current 

Bses,  these   pieces  of  iron  virtually  form  parts  of  the 

iaagnet.     Between  them  I  will   place  a  substance  wbich 

Hie   magnet,  even  when   exerting    its   utmost  power,  is 

tocompetent  to  attract.     This  substance  id  simply  a  piece 

Bpf  silver—in  fact,  a  silver  medal.     When  it  is  brought 

e  to  the  excited  magnet,  no  attraction  ensues.     Indeed 

Aat  little  force — and  it  is  so  little  as  to  be  utterly  insen- 

ible  in  these  experiments — the  magnet  really  exerts  upon 

s  silver,  is  repulsive  instead  of  attractive. 

(32  J  Suspending  this  medal  between  the  poles  p  p  of 

^e  magnet,  I  send  the  current  through  the  coil.     The 

^al  hangs  between  the  poles ;  it  is  neither  attracted  nor 

>pelled,  but  if  we  seek  to  move  it  we  encounter  i-esistance. 

E^o  turn  the  medal  round  this  resistance  m  ust  be  overcome, 

Wtbe  silver  moving  as  if  it  were  surrounded  by  a  viscous 

This    extraordinary  effect  may  also  be  rendered 

iRuifest  in  another  way.    Causing  this  rectangular  plate 

f  copper  to  pass  quickly  to  and  fro  like  a  saw  between 

Siei  poles  p  p,  with   their  points  tunied  towards  it ;  you 

sem,    though   you     can     see     nothing,    to     be     sawing 

Sirough  a  mass  of  cheese  or  butter.*    No  effect  of  this 

acilid   is   noticed   when   the   m^net   is   not  active:   the 

ipper  saw  then   encountei-s  nothing  but  the  intinitesi- 

1  resistance  of  the  air. 

(33)  Thus  far  you  have  been  compelled  to  take  ray 

tstements  for  grauted,  but  an  experiment  is  here  arranged 

ich  will  make  this  strange  action  of  the  magnet  on  the 

inlTer  medal  strikingly  manifest  to  you  all.     Above  the 

IDBpended  medal,  and  attached  to  it  by  a  bit  of  wire,  is  a 

•  An  experimfnt  of  Furadsj'*.     Hp  kIbd  wa»  the  Brut  lo  urrr'sl  by  u 

RiHgiiK  tha  motioa  of  s  ■[uaiiiiigrube  of  copper. 
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little  reflecting  pyramid  M,  formed  of  four  triangular  pieces 
of  looking-glass ;  botii  the  medal  and  the  reflector  are  sus- 
pended by  a  thread  whicti  was  twisted  in  its  manufacture, 
and  wliich  will  imtwist  itself  when  the  weight  which  it 
sustains  is  set  free.  When  from  this  electric  lamp  a  strong 
beam  of  light  is  caused  to  fell  upon  the  little  pyramid,  the 
light  is  reflected,  and  yen  see  these  long  luminous  spokes 
moving  through  the  dusty  air  of  the  room  aa  the  mirror 
turns. 

(34)  Let  us  start  it  from  a  state  of  rest.  The  beam 
now  passes  through  the  room  and  strikes  against  the  white 
wall.  Ab  the  mirror  commences  rotating,  the  patch  of 
light  moves,  at  firet  slowly,  over  the  wall  and  ceiling. 
The  motion  quickens,  and  now  you  can  no  longer  see 
the  distinct  patches  of  light,  but  instead  of  them  you  have 
this  splendid  luminous  band  fully  twenty  feet  in  diameter 
drawn  upon  the  wall  by  the  nuick  rotation  of  the  reflected 
beams.  At  the  word  of  command  the  magnet  will  be 
excited.  See  tlie  eff'ect :  the  medal  seems  struck  dead  bv 
the  magnet,  the  band  suddenly  disappears,  and  there  you 
have  the  single  patch  of  light  upon  the  wall.  This  strangi' 
result  is  produced  without  any  visible  change  in  the  spaci- 
between  the  two  poles.  Observe  the  slight  motion  of  the 
image  on  the  wall :  the  tension  of  the  string  is  struggling 
with  an  unseen  antagonist  and  producing  that  motion.  It 
is  such  as  would  be  produced  if  the  medal,  instead  of  being 
surrounded  by  air,  were  immersed  in  a  pot  of  treacle. 
On  destroying  the  magnetic  power,  the  viscous  character 
of  the  space  between  the  poles  instantly  disappears ;  the 
medal  begins  to  twirl  as  before  ;  there  are  the  revolving 
beams,  and  there  is  now  the  luminous  band.  I  again 
excite  the  magnet:  the  beams  are  struck  motionle^,  and 
the  band  disappears. 

(35)  By  the  force  of  the  hand  this  resistance  can  be 
overcome  and   the   medal  turned   round ;  but  to  turn  it 
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force  must  be  expended.  What  becf^mes  of  tliat  force  ?  It 
is  converted  into  heat.  The  medal,  if  forcibly  compelled 
to  turn,  will  become  heated.  Many  of  yoti  are  acquainted 
with  the  grand  discovery  of  Faraday,  that  electric  currents 
are  developed  when  a  conductor  of  electricity  is  set  in 
motion  between  the  poles  of  a  magnet.  We  have  these 
currents  here,  and  they  are  competent  to  beat  the  medal. 
Uiit  what  are  these  currents  ?  How  are  they  related  to 
the  space  between  the  magnetic  poles — how  to  the  mus- 
cular force  which  is  expended  in  their  generation  ?  We 
do  not  yet  know,  but  we  shall  know  by-and-by.  It  does 
not  in  the  least  lessen  the  interest  of  the  esperiment 
if  the  force  of  my  arm,  previous  to  appearing  as  beat, 
appears  in  another  form— in  the  form  of  electricity. 
The  result  is  the  same:  the  heat  developed  ultimately 
is  the  exact  equivalent  of  the  power  employed  to  move  the 
medal  in  the  excited  magnetic  field. 

(36)  I  wish  now  to  make  evident  to  all  here  present  this 
^development  of  heat.     Here  is  a  solid  metal  cylinder,  the 

Maore  of  which  is  coniposed  of  a  metal  more  easily  melted 
than  its  outer  cAs-e.  The  outer  case  is  copper,  and  this 
ii  filled  by  a  hard  but  fusible  alloy.  The  cylinder  is  set 
upright  between  the  conical  poles  p  p  (fig.  16)  of  the 
magnet  A  string  s  8  passes  from  the  cylinder  to  a  whirl- 
ing table,  by  which  the  cylinder  may  be  caused  to  spin 
round.  It  might  turn  till  doomsday  with  the  magnet 
uuexcit«d,  and  not  produce  the  effect  sought;  but  when 
the  magnet  is  in  action  an  amount  of  heat  will  be  developed 
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sufficient  to  melt  the  core  of  that  cylJuder,  and,  if  success- 
ful, I  will  pour  the  liquid  metal  out  before  you.  Two 
minutes  will  suffice  for  the  experiment.  The  cylinder  is 
now  rotating,  its  upper  end  heing  open.  We  will  permit 
it  to  remain  open  until  the  liquid  metal  is  aeen  spattering 
over  the  poles  of  the  magnet.  The  metallic  spray  is 
already  there,  though  a  minute  has  scarcely  elapsed  since 
the  commencement  of  the  experiment.  I  now  stop  the 
motion  for  a  moment,  cork  up  the  end  of  the  cylinder, 
so  as  to  prevent  the  loss  of  the  metal,  and  let  the  actiou 
continue  for  half  a  minute  longer.  The  entire  mass  of  the 
core  19  now  melted.  I  vrithdraw  the  cylinder,  remove  the 
cork,  and  thus  pour  out  before  you  the  liquefied  alloy.* 

(37)  It  is  now  time  to  consider  more  closely  than  we 
have  hitherto  done  the  relation  of  the  heat  developed  by 
mechanical  action  to  the  force  which  produces  it.  Doubt- 
less this  relation  floated  in  many  minds  before  it  received 
either  correct  enunciation  or  experimental  proof.  The 
celebrated  Montgolfier  entertained  the  idea  of  the  equiva- 
lence of  heat  and  mechanical  work;  and  the  idea  has 
been  developed  by  hia  nephew  M.  Seguin,  in  his  work 
'  On  the  Influence  of  Railwuys,'  printed  in  1839.  Those 
who  reflect  on  vital  processes — on  the  changes  which  occur 
in  the  animal  body — and  the  relation  of  the  forces  in- 
volved in  food  to  muscular  force,  are  le(i  naturally  to 
entertain  the  idea  of  interdependence  between  these  forces. 
It  is  therefore  not  a  matter  of  surprise  that  the  man  who 
was  one  of  the  first,  if  not  the  first,  to  raise  the  idea  of  the 
equivalence  between  heat  and  mechanical  energy,  and  of 
the  mutual  convertibility  of  natural  powers  generally,  to 

•  The  dru'lojitnont  of  htnt  by  omsiag  b  conductor  to  revolve  between 
th«  polvs  of  u  nugiMiL  wav  first  pffectrd  hj  Mr,  Joule  (Fhil.  Mig.  vol.  xiHi. 
3rd  tjpries,  yoir  1343,  pp.  369  stid  439),  and  hisnipn'imont  wuufterirardi 
n'rirnd  in  a  Btrikiog  form  bj  M.  FoBcault.  Tha  artifico  nbow  dcBcribod. 
of  fusing  the  eore  oat  uf  the  oyliader,  rpaciers  I  he  experiment  Terj'  offfclivo 
in  a  locture-rouni. 
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true  philosophic  clearness  in  bis  own  mind,  was  a  pLysician. 
Dr.  Mayer,  of  Heilbronn  in  Germany,  enunciated  in  1842* 
the  relation  which  subsists  between  the  forces  of  inorganic 
nature.  He  first  calculated  the  '  mechanical  equivalent  of 
heat,' and  followed  np,  as  will  be  shown  in  due  time,  the 
statement  of  the  principle  by  its  fearless  application.  But 
the  intuitions  of  Mayer  retiuiretl  experimental  proof;  and 
to  Dr.  Joule,  of  Manchester,  belongs  the  honour  of  being 
the  first  to  give  a  decisive  demonstration  of  the  correct- 
ness of  the  dynamical  theory.f  Entirely  independent  of 
Mayer,  and  undismayed  by  the  coolness  with  which  his 
first  labours  appear  to  have  been  received,  he  persisted  for 
years  in  his  attempts  to  prove  the  invariability  of  the  rela- 
tion of  heat  to  ordinary  mechanical  power.  He  placed 
water  in  a  suitable  vessel,  ^itated  the  water  by  paddles, 
and  dctt^rmined  both  the  amount  of  heat  developed  by  the 
stirring  of  the  liqnid,  and  the  amount  of  labour  expended 
ill  its  production.  He  did  the  same  with  mercury  and  with 
Mperm  oil.  He  also  caused  disks  of  cast  iron  to  rub  against 
each  other,  and  measured  the  heat  produced  by  their 
friction,  and  the  force  expended  in  overcoming  it.  He 
urged  water  through  capillary  tubes,  and  determined  the 
amount  of  beat  generated  by  the  friction  of  the  liquid 
against  the  sides  of  the  tubes.     And  his  experiments  leave 

■  Lifbig's  AtiDiilen,  rol.  xlii.  p.  233 :  Pliil.  Mng.  tth  Beriea,  vol,  hit. 
|i.  371  ;  anil  in  rtta-mf.  Thil,  Hog.  tdI.  xxt.  p.  37S.  1  nm  indebted  to  Air. 
WheaUlooe  for  ibe  perusal  of  k  mro  nod  curious  pamphlet  bjr  Q.  Rebeaitein. 
with  the  following  (imDalatcd)  tille  :  'Frugrrss  of  our  Time.  Gencruticiu 
of  Hent  oHllioat  Fiivl ;  or.  Deni^riptiuu  of  a  Mvcbaoicol  Froceee,  biiB«J  on 
pbjucal  Hod  mathumaticHl  proofs,  br  which  Caloric  mnj  bo  extracted  from 
Atmnspherie  Air,  and  in  a  higb  degree  concentrated.  TheebeapiiHtSubatitule 
fur  Fuel  in  moat  cases  nhere  combuslion  ia  necestaij.'  Kpbennteio  deiluce.i 
from  the  eipmmont*  of  Dulong  the  quanlilj  of  beat  evolved  in  llio  unrii- 
pmsion  of  a  gas.  Mo  gliinpM  of  the  dynamical  theoiy  is,  however,  to  lie 
fDund  in  his  pupor;  bia  heat  is  matter  [li'iirmeihff)  vhich  ii  aquuuzcd  uu< 
at  the  air  as  wat«r  is  out  of  a  sponge. 

^■t  Phil.  Hag.,  Ang.  IS63.     Hr.  Joule'a  rxjiennientH  oii  Ihc  aie<;)iiiuiriii 
nUM  ot  heat  extend  from  18(3  to  IBi9. 
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no  shadow  of  doubt  upon  the  mind  that,  tiuder  all  circum- 
stances, the  quantity  of  heat  generated  by  the  same 
amount  of  force  ia  fixed  and  invariable.  A  given  expendi- 
ture of  force,  in  causing  the  iron  disks  to  rotate  againi^t 
each  other,  produced  precisely  the  name  amount  of  heat  as 
when  it  was  applied  to  agitate  water,  mercury,  or  sperm 
oil.  At  the  end  of  the  experiments,  the  temperahiree  in 
the  respective  canes  would  of  course  he  very  different; 
the  temperature  of  water,  for  example,  would  he  only  jV^I* 
of  that  of  mercury,  because,  as  we  already  know,  the 
capacity  of  water  for  heat  is  thirty  times  that  of  mercury. 
Dr.  Jouie  took  this  into  account  in  reducing  his  experi- 
ments, and  found,  as  already  stated,  that,  howeyer  the 
temperatures  might  differ,  in  consequence  of  the  different 
capacities  for  heat  of  the  substances  employed,  the  abstiiute 
imtomtt  of  keat  generated  by  the  same  expenditure  of 
power  ytaa  in  all  cases  the  same. 

(38)  In  this  way  it  was  proved  that  the  quantity  of  heat 
necessary  to  raise  one  pound  of  water  one  degree  Fahrenheit 
in  temperature,  is  equal  to  that  generated  by  a  pound 
weight,  falling  from  a  height  of  772  feet  against  the  earth. 
Conversely,  the  amount  of  heat  necessary  to  raise  a  pound 
of  water  one  degree  in  temperature,  would,  if  all  applied, 
mechanically,  be  competent  to  raise  a  pound  weight  772 
feet  high,  or  it  would  raise  772  lbs.  one  foot  high.  The 
term  '  ff>ot-pound  '  has  Iwen  introduced  to  express  in  a  con- 
venient way  the  lifting  «f  one  pound  to  the  height  of  a 
foot.  Thus,  the  quantity  of  heat  necessary  to  raise  the 
temperature  of  a  pound  of  water  one  degree  Fahrenheit 
being  taken  as  a  standard,  772  foot-pounds  constitute  what 
is  called  Ike  mechanical  ftjuivalent  of  hettf.  If  the 
degrees  be  centigrade,  1,300  foot-pounds  constitute  the 
equivalent.* 

•  In  1813  Ra  esmj  pntilled  ' Thwes  njopeming  Force'  was  prFnntnl 
to   the  Rovul  Societj  of  Copenhngen  bv  a  Datii»h  philoBopher  Dhtncd 


'MECIIAKICAL   EQUIVALENT      OF   HEAT. 

(39)  In  order  to  imprint  upon  your  minds  the  thermal 
effect  produced  by  a  body  falling  from  a  height,  I  will  go 
through  the  operation  of  allowing  a  lead  ball  to  fall  from 
our  ceiling  upon  this  floor.  That  the  ball  is  at  the  present 
moment  slightly  colder  than  the  air  of  this  room  is  proved 
by  bringing  the  lead  into  contact  with  the  thermo-electric 
pile  ;  the  deflection  of  the  needle  indic.iteB  cold.  On  the 
floor  is  placed  a  slab  of  iron,  intended  to  receive  the  lead, 
and  also  cooler  than  the  air  of  the  room.  At  the  top  of 
the  house  is  an  aaaistant,  who  will  pull  up  the  ball  by 
means  of  a  string.  He  will  not  touch  the  ball,  nor  will  he 
allow  it  to  touch  anything  else.  The  lead  now  falls,  and 
ia  received  Upon  the  plate  of  iron.  The  amount  of  heat 
generated  by  a  single  descent  ia  very  small,  because  the 
height  is  inconsiderable ;  we  will,  therefore,  allow  the  ball 
to  be  drawn  up  and  to  descend  three  or  four  times  in  suc- 
cession.    We  have  now  arrived  at  the  fourth  collision.     I 


Colding.  At  tbi»  oarlj  data  M.  CoWing  soiiglil  to  awerUin  Iho  qnanlitj  of 
hrat  geniTHted  b;  llio  friction  of  TariuUH  mptiilB  Hgsiiist  esFh  vrhn  and 
itgBiDit  oihtr  jobslanpes,  and  to  determine  the  amount  of  mephonicul  work 
conaainol  in  iu  grnvraticin.  In  an  account  of  Iiia  reaeorchiM!  given  bj  him- 
srlt  in  tlie  Philosopbical  Mngaune  (vol.  xxrii.  p.  Sti),  hu  BCates  that  the 
TFmlt  of  hiB  eiperimenlB,  nearly  200  in  nuinber,  waa  that  the  heat  dis- 
nngaged  whb  olwBja  in  proportion  to  the  tnBchanieal  energy  loet.  In- 
•Irprndcntl)'  of  the  mnteriiila  by  vhich  the  heat  vaa  genemtcd,  H.  Coliling 
found  Uuit  Bp  amount  of  hpat  competent  )o  miae  a  pound  of  vater  1°  C. 
would  niw  (t  weight  of  a  pound  1 1 48  feel  high ;  a  moat  rpmwkublo  result. 
M.  Coldlng  atsTls  from  the  principlB  that  '  aa  the  forcpB  of  oatare  are  sonie- 
thing  apirituiil  and  immaterial — entities  whereof  we  are  cogniaant  only  liy 
ihwr  mailery  over  nature — those  entitiea  mnat  of  couras  be  verj  superior  lo 
everything  malorial  in  the  world;  and  ns  it  is  obvious  that  it  in  through 
them  only  that  the  wisdom  we  pvrarive  and  admire  in  nature  eipreasea 
itaplf,  these  powers  niiut  evidently  be  in  relation  to  the  spiritnal,  im- 
material, and  inlellcctiiBl  power  itaelf  that  gnidea  nature  in  ita  progreae; 
but  if  such  is  the  ease  it  is  eonsequentlj  quite  impossihle  to  conecivo  of 
these  forces  u  anything  natnrBllj  mortal  or  periihoble.  Surely,  therefore, 
the  furees  ought  to  be  regarded  as  absolutely  imperishibla.'  Thi'  case  of 
M.  Colding  shows  how  a  sppculalion,  though  ulterty  unphysii^nl,  may,  by 
•timalating  expcrimeni,  bp  the  meana  of  developing  important  phvsical 
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place  the  ball,  which  at  thecommeuceineiit  produced  cold, 
again  upon  the  pile,  and  the  immediate  deflection  of  the 
needle  in  the  opposite  direction  declares  the  lead  to  be 
heated ;  this  heat  is  due  entirely  to  the  destruction  of  the 
moving  energy  which  the  ball  poaeesaed  when  it  struck 
the  plate  of  iron.  According  to  our  theoiy,  the  common 
mechanical  motion  of  the  lead,  aa  a  mass,  has  been  trans- 
ferred to  the  atoms  of  the  mass,  producing  among  them 
the  agitation  we  call  heat. 

(40)  We  can  readily  calculate  the  amount  of  heat  gene- 
rated in  this  experiment.  The  apace  fallen  through  by 
the  ball  in  each  instance  is  twenty-six  feet.  The  heat 
generated  ia  proportional  to  the  height  through  which  the 
body  falls.  Now  a  ball  of  lead  in  falling  through  772  feet 
would  generate  heat  silflicient  to  raise  its  own  tempera- 
ture 30°  F.,  its  'capacity'  being  -^th  of  that  of  water: 
hence,  in  falling  through  26  feet,  which  is  in  round  num- 
bers j'gth  of  772,  the  heat  generated  would,  if  all  concen- 
trated in  the  lead,  raise  its  temperature  one  degree.  This 
is  the  amount  of  heat  generated  by  a  single  descent  of  the 
ball,  and  four  times  this  amount  would,  uf  course,  be  gene- 
rated by  four  descents.  The  heat  generated  is  not,  how- 
ever, all  concentrated  in  the  ball ;  a  small  portion  of  it 
belongs  to  the  iron  on  which  the  ball  falls. 

(41 )  It  is  needless  to  say,  that  if  motion  be  imparted  to 
a  body  by  other  means  than  gravity,  the  destruction  of  this 
motion  also  produces  heat.  A  ride  bullet  when  it  strikes 
a  target  is  intensely  heated.  The  mechanical  equivalent  of 
heat  enables  us  to  calculate  with  accuracy  the  amount  of 
heat  generated  by  the  bullet,  when  its  velocity  ia  known. 
This  is  a  point  worthy  of  our  attention,  and  in  dealing  with 
it  permit  me  to  address  myself  to  those  of  my  audience  who 
are  unacquainted  even  with  the  elements  of  mechanics. 
Everybody  knows  that  the  greater  the  height  is  from  which 
a  body  falls,  the  greater  is  the  force  with  which  it  strikes 
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the  earth,  and  that  this  ia  entirely  due  to  the  greater 
velocity  imparted  to  the  body  in  falling  from  the  greater 
height.  The  velocity  imparted  to  the  body  is  not,  how- 
ever, proportional  to  the  height  from  which  it  falla.  If  the 
height  be  augmented  four-fold,  the  velocity  is  augmented 
only  two-fold;  if  the  height  be  augmented  nine-fold,  the 
velocity  ia  augmented  only  three-fold;  if  the  height  be 
augmented  sixteeu-fold,  the  velocity  is  augmented  only 
four-fold ;  or,  ejcpressed  generally,  the  height  is  proportional 
to  the  square  of  the  velocity. 

(42)  But  the  heat  generated  by  the  collision  of  the  fall- 
ing body  increases  simply  as  the  height ;  consequently,  the 
heat  generated  increases  as  the  square  of  the  velocity. 

(43)  If  therefore  we  double  the  velocity  of  a  projectile, 
we  augment  the  heat  generated,  when  its  moving  force  in 
destroyed,  four-fold ;  if  we  treble  its  velocity,  we  augment 
the  heat  nine-fold ;  if  we  quadruple  the  velocity,  we  aug- 
ment the  heat  sixteen-fold,  and  so  on. 

(44)  The  velocity  imparted  to  a  body  by  gravity  in  falling 
through  772  feet  is,  in  round  numbers,  223  feet  a  second : 
that  is  to  say,  immediately  before  the  body  strikes  the 
earth,  this  is  its  velocity.  Six  times  this  quantity,  or  1,338 
feet  a  second,  would  not  be  an  inordinate  velocity  for  a 
rifle  bulleU 

(45)  But  a  rifle  bullet,  if  formed  of  lead,  moving  at  a 
velocity  of  223  feet  a  second,  would  generate  on  striking  a 
target  an  amount  of  heat  which,  if  concentrated  in  the 
bullet,  would,  as  already  shown,  raise  its  temperature  30" 
F. ;  with  6  times  this  velocity  it  would  generate  36  times 
the  amount  of  beat;  hence  36  times  30,  or  1,080°,  would 
represent  the  augmentation  of  the  temperature  of  the 
bullet  on  striking  a  target  with  a  velocity  of  1,338  feet  a 
second,  if  all  the  heat  generated  were  confiried  to  the  bullet 
itself.  This  amount  of  heat  would  be  suflGcieDt  to  lutie  a 
portion  of  the  lead.   Were  the  ball  iron  instead  of  lead,  the 


heat  generated,  under  the  conditiona  Buppoeed,  would  be 
competent  to  raise  the  temperature  of  the  ball  only  about 
^rd  of  1,080°,  because  tlie  capacity  of  iron  for  heat  is  about 
three  tinnes  that  of  lead. 

(46)  From  these  considerations  it  is  manifest  that  if  we 
know  the  velocity  and  weight  of  any  projectile,  we  can 
calculate  with  ea«e  the  amount  of  heat  developed  by  the 
destruction  of  its  moving  force.  For  example,  knowing  as 
we  do  the  weight  of  the  earth  and  the  velocity  with  which 
it  moves  through  space,  a  simple  calculation  enables  us 
to  state  the  exact  amount  of  heat  which  would  be  deve- 
loped, supposing  the  earth  to  strike  against  a  target  strong 
enough  to  atop  its  motion.  We  could  tell,  for  example,  the 
number  of  degrees  which  this  amount  of  heat  would  im- 
part to  a  globe  of  water  equal  to  the  earth  in  size.  Mayer 
and  Helmholtz  have  made  this  calculation,  and  found  that 
the  quantity  of  heat  which  would  be  generated  by  this 
colossal  shock  would  l>e  quite  sufficient,  not  only  to  fuse 
the  entire  earth,  but  to  reduce  it,  in  great  part,  to  vapour. 
Thus,  by  the  simple  stoppage  of  the  earth  in  its  orbit, '  the 
elements'  might  be  caused  'to  melt  with  fervent  heat.' 
The  amount  of  heat  thus  developed  would  be  equal  to  that 
derived  from  the  combustion  of  fourteen  globes  of  cool, 
each  equal  to  the  earth  in  magnitude.  And  if,  after  the 
stoppage  of  its  motion,  the  earth  should  fall  into  the  sun, 
as  it  assuredly  would,  the  amount  of  heat  generated  by  the 
blow  woidd  be  eqtial  to  that  developed  hy  the  combustion 
of  5,600  worlds  of  solid  carhon, 

(47)  Knowledge  such  as  that  which  you  now  possess 
has  caused  philosophers,  in  speculating  on  the  mode  in 
which  the  sun's  power  is  maintained,  to  suppose  the  solar 
heat  and  light  to  be  caused  by  the  showering  down  of 
meteoric  matter  upon  the  sun's  surface.'*     The  Zodiacal 

*  Hajer  prapounded  this  hypotlieiris  in  1848,  ami  worked  it  out  la  h 
grmt  MtcnL      It  *m  ■fterwnrds  enun'-iiilrd  indepcndciitlj  by  Mr.  Wmer 
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Light  is  supposetl  to  be  a  cloud  of  meteorites,  and  from  it, 
it  has  been  imagined,  the  rain  of  meteoric  matter  wiu^ 
derived.  Now,  whatever  be  the  value  of  this  speculation,  it 
in  to  be  borne  in  mind  that  the  pouring  down  of  meteors 
in  the  way  indicated  would  be  competent  to  produce  the 
light  and  heat  of  the  sun,  I  shall  develope  the  theory  on 
a  future  occasion.  With  regard  to  its  probable  truth 
or  fallacy,  it  is  not  necessary  that  I  should  offer  an 
opinion ;  the  theory  deals  with  a  c&uae  which,  if  in 
sufficient  operation,  would  certainly  be  competent  to  pro- 
duce the  effects  ascribed  to  it. 

(48)  Let  me  now  pass  from  the  sun  to  something  less, — 
to  the  opposite  pole  of  nature,  if  the  expression  be  permitted. 
And  here  that  divine  power  of  the  human  intellect  which 
annihilates  mere  magnitude  in  its  dealings  with  lav: 
comes  conspicuously  into  play.  Our  theory  is  applicable 
not  only  to  suns  and  planets,  but  equally  so  to  atoms. 
Most  of  you  know  the  scienliJic  history  of  the  diamond — 
that  Newton,  antedating  intellectually  the  discoveries  of 
modern  chemietry,  pronounced  it  to  be  an  unctuous  or 
combustible  substance.  Everybody  now  knows  that  this 
brilliant  gem  is  composed  of  the  same  substance  as  common 
charcoal,  graphite,  or  plumbago.  A  diamond  is  pure 
carbon,  and  carbon  burns  in  oxygen.  Here  is  a  diamond, 
held  fast  in  a  loop  of  platinum  wire;  heating  the  gem 
Et  redness  in  this  flame,  I  pbmge  it  into  this  jar,  which 
tntains  oxygen  gas.  See  how  it  brightens  on  entering 
^  jar  of  oxygen,  and  now  it  glows,  like  a  little  star, 
pjth  a  pure  white  tight.  How  are  we  to  figure  the 
iction  here  going  on  ?  Exactly  as  you  would  present  to 
7our  minds  the  idea  of  meteorites  showering  down  upon 
the  Bun.  The  conceptions  are,  in  quality,  the  same,  and 
to  the  intellect  the  one  is  not  more  difficult  than  the 

>,  *nd  uiioiral'lj  dcrelafxid  l>y  Proftwur  WiUuun  ThomMn  (TnmMi;. 
II  of  tlia  ltn;nl  Soc.  of  Hklinb.,  ISaS).    See  bI«o  Chapter  XIV. 


other.  You  are  to  figure  the  atoms  of  oxygen  showering 
against  this  diamond  on  all  aides.  They  are  urged  to- 
wards it  by  what  is  called  chemical  affinity ;  hut  this  force, 
made  clear,  presents  itself  to  the  mind  as  pure  attraction, 
of  the  same  mechanical  quality,  if  I  may  use  the  term,  oe 
gravity.  Every  oxygen  atom  as  it  strikes  the  surface,  and 
hae  its  motion  of  translation  destroyed  by  its  collision  with 
the  carbon,  assumes  the  motion  which  we  call  heat :  and 
this  heat  is  so  intense,  the  attractions  exerted  at  these  mole- 
cular distances  are  so  mighty,  that  the  crystal  is  kept  white- 
hot,  and  the  compound,  formed  by  the  union  of  its  atoms 
with  those  of  the  oxygen,  flies  away  as  carbonic  acid  gas. 

(49)  Let  us  now  pass  from  the  diamond  to  ordinary 
flame.  Before  you  is  an  ignited  jet  of  gas.  What  is  the 
constitution  of  the  jet?  Within  the  flame  we  have  a 
core  of  gas  as  yet  unburnt,  and  outside  the  flame  we  have 
the  oxygen  of  the  air.  The  surface  of  the  core  of  gas  is  in 
contact  with  the  air,  and  here  it  is  that  the  atoms  clash 
together  and  produce  light  and  heat  by  their  collision. 
But  the  exact  constitution  of  the  flame  is  worthy  of  our 
special  attention,  and  for  our  knowledge  of  this  we  are 
indebted  to  one  of  Davy's  most  beautiful  investigations. 
Coal-gas  is  what  we  call  a  hydro-carbon;  it  consists  of 
carbon  and  hydrogen  in  a  state  of  chemical  union.  From 
this  transparent  gaa  escape  the  soot  and  lampblack  which 
we  notjce  when  the  combustion  is  incomplete.  Soot  and 
lampblack  are  there  now,  but  they  are  compounded  with 
other  substances  to  a  transparent  form.  Here,  then,  we 
have  a  surface  of  this  compound  gas,  in  presence  of  the 
■ixygen  of  our  air:  we  apply  heat,  and  the  attractions 
are  instantly  so  iutensitied  that  the  gas  bursts  into  flame. 
The  oxygen  has  a  choice  of  two  partners,  and  it  closes 
with  that  for  which  it  has  the  strongest  attraction.  It 
first  unites  with  the  hydrogen,  and  sets  the  carbon  free 
Innumerable  solid  particles  of  carbon  thus  scattered  i) 


he  carbon  free^^ 
scattered  in  tll^H 
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midst  of  the  biiming  hydrogen  are  raised  to  a  state  of 
intense  incandescence ;  they  become  whit«-hot,  and  tnainly 
to  tbera  the  lifjht  of  nur  lamps  in  due.  The  carbon,  how- 
ever, in  due  time,  closes  with  the  oxygen,  and  becomes, 
or  onghtto  become,  carbonic  acid  ;  but  in  passiug  from  the 
hydrogen  with  which  it  was  first 
(Combined,  to  the  oxygen  with 
which  it  enters  into  final  union, 
it  exists  for  a  time  in  the  solid  I 
state,  and  then  gives  us  the  | 
rlendour  of  its  light. 
(50)  The  combustion  of  a  | 
idle  18  in  principle  the  sai 
w  thnt  of  a  jet  of  gas.  Hi 
we  have  a  rod  of  wax  or  tallow  I 
(fig-  17),  through  whicli  passes  I 
colton  wick.  You  ignite  | 
wick;  it  burns,  melts  the 
How  at  its  base,  the  liquid  ascends 

iliary    attraction,    it   is    converted     by    the    beat    info 

ipour,  and  this  vapour  is  a  hydro-carbon,  which  burns 

,ctly  like  the  gas.     In  this  case  also  you  have  unbumt 

within,  common  air  without,  while  betweeu  lioth  is 

tib«ll,  which  forms  the  battle-ground  of  the   clashing 

here  they  develope  their  light  and  heat.     There 

hardly  anything  more  lieautiful  than  a  burning  candlt: 

hollow  basin  partially  filled  with  melted   matter  at 

le  liaae  of  the  wick:  the  creeping  up  of  the  liquid;  itn 

irisation  ;  the  stnicture  of  the  flame ;  its  shape  faper- 

to  a  point ;  the  converging  air-currents  which  rusb  in 

supply  its  neefls.     Its  beauty,  it* brightness,  its  mobility, 

have  made  it  a  favourite  type  of  spiritual  essences:  and 

its  diflsection  by  Davy,  far  from  diminishing  the  pleasure 

we  look  upon  a  flame,  has  rendered  it  more 

n  object  of  wonder  to  the  enlightened  mind. 


«k  l,y 
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{51)  You  ought  now  to  be  able  to  picture  clearly  before 
your  minds  the  etructure  of  a  candle-flame.  You  ought 
to  see  the  unbumt  core  within  and  the  burning  shell  which 
envelopes  this  core.  From  the  core,  through  this  shell, 
the  substance  of  the  candle  is  incessantly  passing  and 
escaping  to  the  surrounding  air.  In  the  case  of  a  candle 
also  we  have  a  holiow  cone  of  burning  matter.  Imagine  this 
cone  cut  across  borizontally ;  a  burning  ring  would  be  ex- 
posed. We  can  practically  cut  the  flame  of  a  candle  thup 
across.  I  bring  this  piece  of  white  paper  down  upon  the 
candle,  until  the  paper  almost  touches  the  wick.  Observe 
the  upper  siurface  of  the  paper :  it  becomes  charred,  but 
how?     Corresponding  to  the  burning  ring  of  the  candle. 
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we  have  a  charred  ring  upon  the  paper  (fig.  18).  Operat- 
ing in  the  same  manner  with  a  jet  of  gas,  we  obtain  the 
ring  which  it  produces.  Within  the  ring  the  paper  is 
intact,  for  at  this  place  tbe  unbumt  vapour  of  the  candle, 
or  the  unbumt  gas  of  the  jet,  impinges  against  the  surface, 
and  no  charring  can  occur. 

(52)  To  the  existence,  tlien,  of  solid  carbon  particles 
the  light  of  our  lamps  ia  mainly  due.  But  the  existence 
of  these  particles,  in  the  single  state,  implies  the  absence 
of  oxygen  to  seize  hold  of  them.  If,  at  the  moment  of 
their  liberation  from  the  hydrogen,  oxygen  were  present 
to  seize  upon  them,  their  state  of  singleness  would  be 
abolished,  and  we  should  no  longer  have  their  light.  For 
this  reason,  when  we  mix  a  sufticient  quantity  of  air  with 
the  gas  issuing  from  a  jet,  and  thus  cause  tbe  oxygen  to 
penetrate  to  the  very  heart  of  the  jet,  the  light  disappears. 
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^^B  (53)  Professor  Bimsen  bae  invented  a  burner  for  tbe 
^Hspress  puqiose  of  destroying,  by  quick  combiistion,  tbe 
solid  carbon  pftrticles.  The  burner  from  which  tlie  gas 
escapes  is  introduced  into  a  tube  ;  this  tube  is  perforated 
nearly  on  a  level  with  tbe  burner,  and  through  the 
orifices  the  air  enters,  mingles  with  tbe 
gas,  aod  the  mixture  issues  from  tbe  top 
of  the  tube.  Fig.  19  represents  a  form 
of  this  burner;  the  gas  is  discharged  into 
tbe  perforated  chamber  «,  where  air  mi 
gles  with  it,  and  both  ascend  the  tube  o 
together;  rf  is  a  rose-bumer,  which  m; 
he  used  to  vary  the  shape  of  tbe  flame. 
I  ignite  the  mixture,  hut  the  flame  pro- 
duces hardly  any  light.  Heat  is  the  thing  here  aimed 
at,  and  this  lightless  flame  is  much  hotter  than  an 
ordinary  flame,  because  the  combustion  is  much  quicker, 
and  therefore  more  inteuse.*  If  the  orifices  in  a  be 
stopped,  tbe  supply  of  air  is  cut  off,  and  tbe  fliime  at 
once  becomes  luminous:  we  have  now  the  ordinary  case 
of  a  core  of  unbumt  gaa  surrounded  by  a  burning  shell. 
Tbe  illuminating  power  of  a  gas  may,  in  fact,  be  esti 
mated  by  tbe  quantity  of  air  necessary  to  prevent  tlie 
precipitation  of  tbe  solid  carbon  particles;  tbe  richer 
the  gas,  the  more  air  will  be   required  to   produce   this 


Bffect. 
^Kty  wi 


'(54")  An  interesting  observation  may  be  made  almost 
windy  Saturday  evening  in  the  streets  of  London,  on 
the  sudden  and  almost  total  extinction  of  the  light  of  the 
gas  jets,  exposed  chiefly  in  butchers'  shops.  Wlien  the 
wind  blows,  the  oxygen  is  carried  mechanically  to  the 
very  hvart  of  the  flame,  and  tbe  white  light  instantly 
vuDishes  to  a  pale  and  ghastly  blue.  During  festivt-  illu- 
"  Km  liottcY.  DOT  onrly  to  Iiot,  to  a  body  exposed  to  ita  nidialian  ;  but 
b  hotter  W  a  body  plungid  in  thtfiann. 
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minatioDS  tbe  same  effect  may  be  observed  ;  the  abgence  of 
the  lipiit  being  due,  as  in  the  case  of  Bunsen's  burner,  to 
tbe  presence  ofa  siitScient  auioiint  of  oxygen  to  consume, 
instantly,  the  carbon  of  the  flame- 

(55)  To  determine  the  influence  of  height  upon  the 
rate  of  combustion,  was  one  of  the  problems  set  beforn 
me  in  my  journey  to  the  Alps  in  1859.  Fortunately 
for  science,  I  invited  Dr.  Frankland  to  accompany  me 
on  tbe  occasion,  and  to  undertake  tbe  experiments  on 
combustion,  while  1  proposed  devoting  myself  to  obser- 
vations on  solar  radiation.  The  plan  pursued  was  this: 
six  candles  were  purchased  at  Chamouni  and  carefully 
weighed ;  they  were  then  allowed  to  burn  for  an  hour  in 
the  Hotel  de  I'Union,  and  the  loss  of  weight  was  deter- 
mined. Tbe  same  candles  were  taken  to  the  summit  of 
Mont  Blanc,  and,  on  the  morning  of  Aug.  21,  1859,  were 
allowed  to  hum  for  an  hour  in  a  tent,  which  perfectly 
sheltered  them  from  the  notion  of  the  wind.  The  a^ipect 
of  the  six  flames  at  the  summit  surprised  us  both.  They 
seemed  the  mere  ghosts  of  tbe  flames  which  the  same 
candles  were  competent  to  produce  in  the  valley  of 
Chamouni — pale,  feeble,  and  suggesting  to  us  a  greatly 
diminished  energy  of  combustion.  The  candles  being 
carefully  weighed  on  our  return,  the  unexpected  fact  was 
revealed,  that  the  quantity  of  stearine  consumed  above  was 
almost  precisely  the  same  as  that  consumed  below.  Thus, 
though  the  light-giving  power  of  the  flame  was  diminished 
in  an  extraordinary  degree  by  the  elevation,  the  energy  of 
the  combustion  was  the  same  above  as  it  was  below.  This 
curious  result  is  to  be  ascribed  mainly  to  the  mobility  of  the 
air  at  this  great  height.  The  particles  of  oxygen  could 
penetrate  the  flame  with  comparative  freedom,  thus  de- 
stroying its  light,  and  making  atonement  for  the  smallness 
of  their  number  by  the  promptness  of  their  action.  I 
find,  indeed,  that    by  reducing  the  density  of  ordinary 
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mosplierie  air  to  one-balf,  wo  nearly  dontile  tlie  moWlity 
f  its  at  oris. 

(56)  Dr.  FranklaDd  has  made  these  experiments  the 
basiB  of  a  very  interesting  memoir."  He  shows  that  the 
quantity  of  a  candle  conaiimert  in  a  given  time  is,  vrithin 
wide  limita,  independent  of  the  density  of  the  air;  and 
(he  reasou  is,  that  although  by  compressing  the  air  we 
augment  the  number  of  active  particles  in  contact  with 
the  flame,  we,  almost  in  the  same  degree,  diEiiinish  their 
mobility  and  retard  the  combustion.  AVben  an  excess  -if 
air,  moreover,  surrounds  the  flame,  its  chilling  effect  will 
tend  to  prolong  the  existeoce  of  the  carbon  particles  in  a 
solid  form,  and  even  to  prevent  their  final  combustion. 
One  of  the  most  interesting  facts  established  by  Dr.  Frank- 
land  is,  that  by  condensing  the  air  around  it,  the  pale  and 
smokeless  flame  of  a  spirit-lamp  may  be  rendered  as 
bright  as  that  of  coal-gas,  and,  by  pushing  the  condensa- 
tion sufEciently  far,  the  flame  may  actually  be  rendered 
smoky,  the  oxygen  present  being  too  sluggish  to  efl'ect 
the  complete  combustion  of  the  carbon. 

(57)  But  to  return  to  our  theory  of  combustion:  it  is 
to  the  clashing  together  of  the  oxygen  of  the  air  and  the 
constituents  of  our  gas  and  candles,  that  the  light  and  heat 
of  our  flames  are  due.  When  steel  lilings  are  scattered  in 
tliia  Bunsen's  flame,  you  see  the  starlike  acint illations  pro- 
duced by  the  combustion  of  the  steel.  Here  the  st^el  is 
finrt  heated,  till  the  attraction  between  it  and  the  oxygen 
(if  the  air  becomes  sufficiently  strong  to  cause  them  to 
combine,  and  these  rocket-like  flashes  are  the  result  of 
their  collision.  It  is  the  impact  of  atoms  of  oxygen  against 
^oms   of  sulphur  which    produces  the   heat   and  flame 

letved  when  sulphur  is  burned  in  oxygen  or  in  air;  to 
McoUirion  of  the  same  atoms  i^inst  phosphorus  are  due 
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the  intense  heat  and  dazzling  light  which  result  from  the 
combastion  of  phosphorus  in  oxygen  gaa.  It  is  the  col- 
lision of  chlorine  and  antimony  which  produces  the  light 
iiod  beat  observed  when  these  bodies  are  mixed  together ; 
and  it  is  the  clashing  of  sulphur  and  copper  which  pro- 
duces incandeaeence  when  these  substances  are  heated  to- 
gether iu  a  Florence  flask.  In  short,,  all  cases  of  com- 
bustion are  to  be  ascribed  to  the  collision  of  atoms 
which  have  been  urged  together  by  their  mutnai  attrac- 
tions. 


LORD    BACONS    THEOHY. 


APPENDIX  TO   CHAPTER  11. 


^r  EXTRACTS  FROM  THE  T^'ENTIETH  APnORISM  OF  THE 
SECOND  BOOK  OF  THE  -NOVUM  ORGANUM/ 

When  I  say  of  motion  tbat  it  in  the  gcnits  of  which  heat  is  a. 
Rp(>cieB,  I  would  be  understood  to  mean,  not  that  lieat  gencrntcs 
motdoD,  or  thut  motion  generates  Iieat  (though  both  are  true  in 
oertaia  cases),  but  that  heat  itself^  its  exfence  and  quiddity,  is 
luotian  and  nothing  else ;  limited,  however,  by  the  epecific  dlf- 
I'ercneea  which  I  will  presently  aiibjoin,  as  soon  as  I  have  ndded 
a  few  cautions  for  the  sake  of  RToiding  amhiguity 

Nor,  again,  must  the  communication  of  beat,  or  ils  transitive 
nature,  by  means  of  which  a  body  becomes  hot  when  a  hot  body 
is  applied  to  it,  be  confounded  with  the  form  of  heat.  For  heat 
is  one  thing,  and  heating  is  another.  Heat  is  produced  by  the 
motion  of  attrition  without  any  preceding  heat 

ileat  is  an  expansive  motios,  whereby  a  body  strives  to  dilate 
and  stretch  itself  to  a  larger  sphere  or  dimension  than  it  had  pre- 
viously occupied.  This  difference  is  most  observable  in  flame, 
where  the  smoke  or  thick  vapour  munifeotly  dilutes  imd  expands 
into  6aiQe. 

It  is  shown  also  in  all  boiling  liquid,  which  manifestly  swells, 
rises,  and  bubbles,  and  carries  on  tiie  process  of  self- expansion, 
till  it  turns  into  a  body  far  more  extended  and  dilated  than  thu 
tiqutd  itaelf,  namely,  into  vapour,  smoke,  or  air. 


tbe  Km 


le  tliinl  specific  difference  is  this,  that  heat  is  a  motion  of 
isioD,  not  uniformly  of  the  whole  body  together,  but  in 
le  smuller  parts  of  it ;  and  at  the  same  time  checked,  repelled 
id  beaten  back,  so  that  the  body  acquires  a  motion  alternative, 
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perpetually  quiTering,  Btriving  and  almggUng,  and  irritated  by 
repercusaioD,  whence  apringB  the  fiiry  of  fire  and  heat. 

Again,  it  is  showa  in  thia,  that  when  the  air  is  expanded  in  a 
calender  glass,  without  impediment  or  repulsion,  that  is  Ut  say 
unilbrmly  atid  equably,  tht'rc  is  no  perceptible  heat.  Also  when 
wind  escapes  from  conRnenient,  although  it  burst  furth  with  the 
greatest  violence,  there  is  no  very  great  heat  fjerceptible  ;  becauae 
the  motion  is  of  the  whule,  without  a  motion  alternating  in  the 
particles. 

And  this  specific  difference  is  common  aliw  to  the  nature  of 
cold ;  for  in  cold  contractive  motion  is  checked  by  a  resulting 
tendency  to  expand,  just  as  in  h«at  the  expansive  actioii  is  checked 
by  a  resisting  tendency  to  contract.  Thus,  whether  the  particles 
of  a  body  work  inward  or  outward,  the  mode  of  action  is  the 


Now  from  tJiis  our  first  vintage  it  followi*,  that  the  form  or  true 
definition  of  heat  (heat,  that  is,  in  relation  to  tiie  universe,  not 
Mmply  in  relation  to  man)  is,  in  a  few  words,  a«  follows  :  Heal  if 
a  motion,  expansive,  restrained,  and  acting  in  its  strife  upon  tht 
smaller  particles  of  bodies.  But  the  expansion  is  thus  modified  : 
while  it  expands  all  ways,  it  has  at  the  same  time  an  inclinatit 
iipwafdi.  And  the  struggle  iu  the  particles  is  modified  also  ;  ilti 
not  sluggish,  Imt  hurried  and  tcilh  violence.* 
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ABSTRACT  OF  CDUNT  RUMFORD'S  ESSAY,  ENTITLED,  'AN 
ENQUIKY  COKCERXISO  THi:  SOURCE  OF  THE  HEAT  WHICH 
IS  EXCITED  BY  FRICTION.' 

[Bfod  br/ore  the  Bojial  Soettfy.  January  3S,  1798.] 

Being  engaged  in  superintending  the  Ijoring  of  cannon  in  the 
workaliopa  of  the  military  arsenal  at  Munich,  Count  Rumford  was 
struck  with  the  very  considerable  degree  of  heat  which  a  brans 
gun  acquires,  in  a  short  time,  in  lieing  bored,  and  with  the  atill 
more  intense  heat  {much  greater  than  that  of  boiling  water)  <^ 

•  Bacun'8  Works,  vol.  iv  :  Sp<'ddiiig's  Transklion. 
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die  metallic  chips  separated  from  it  by  the  Ijorer ; — hu  propssod 
to  himself  the  following  queBlJons  : — 

'  WLcDce  comes  the  heat  actually  produced  in  the  mechunicul 
operation  above  mentioned  7 

'  Is  it  furnished  by  the  metallic  chips  which  are  separated  tram 
ihe  mettd  7  ' 

If  this  were  the  case,  then  the  capacity  for  heat  of  the  parts  of 
ihe  metal  bo  reduced  to  chips  ought  not  only  to  be  changed,  bu' 
the  change  undergone  by  ihem  should  be  sulEcieatly  great  to  ac- 
I'ount  for  all  the  heat  produced.  No  such  change,  however,  had 
t.tkcn  place;  for  the  cliips  were  found  to  have  the  same  capacity 
.i»  slices  of  titc  same  metal  cut  by  a  fine  saw,  wliere  heating 
was  avoided.  Hence,  it  is  evident,  that  the  heat  pro<luced  could 
not  poBHibly  have  been  furnished  at  the  expense  of  the  latent  lieai 
of  the  metiillic  chips.  Itutnford  describes  the<^  experiments  at 
length,  and  they  are  conclusive. 

lie  then  designed  n  cylinder  for  the  espresa  purpose  of  geno- 
rating  heat  by  friction,  by  having  a  blimt  borer  forced  against  its 
Mtlid  bottom,  while  the  cylinder  was  turned  round  its  axis  by  the 
force  of  horses.  To  measure  the  lieat  developed,  a  small  round 
iiole  wna  bored  in  the  cylinder  for  the  purpose  of  introducing  a 
miall  mercurial  thermometer.  The  weight  of  tlie  cylinder  woh 
113']3  lbs.  avoirdupois. 

The  borer  was  ii  flat  piece  of  hardened  steel,  O'fiS  of  an  inch 
thick,  4  inches  long,  and  nearly  as  wide  as  the  cavity  of  the  bora 
of  the  cylinder,  namely,  3^  inchea.  The  area  of  the  surliice  by 
which  ita  end  was  in  contact  with  the  bottom  of  the  bore  whh 
nearly  2^  inches.  At  the  beginning  of  the  experiment  the  teni' 
peratnre  of  the  air  in  the  shade,  and  also  that  of  thecylioder,  was 
tlO  degrees  Fahr.  At  the  end  of  30  niinuteji,  and  after  the  cylinder 
had  made  9(i0  revolutions  round  its  axin,  the  temperature  was 
found  to  be  130  degrees. 

Having  taken  away  the  Iiorer,  he  now  removed  the  metallic 
dust,  or  rather  scaly  matter,  which  iiati  been  detached  from  the 
boliuni  of  the  cylinder  by  the  blunt  stoel  borer,  and  found  its 
weight  to  be  837  grairj.s  troy.  '  Is  it  possible,'  he  exclaims,  '  that 
tin:  very  considerable  quantity  of  heat  produced  in  this  experi- 
mml — a  quantity  which  nctually  raised  the  temperatiu'e  ofalKive 
113  ponnds  of  gun-metal  at  least  70  degreea  of  Falirenli ell's 
ibermometer — could  have  been  furnished  by  bo  inconsiderable  a 
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quanti^  of  metallic  dust,  and  tlia  merely  in  conaequence  of  a 
change  in  its  capacity  for  Leat  ?  ' 

'  But,  without  insisting  on  the  improbability  of  thia  aupposition, 
we  have  only  to  recollect  that  from  the  results  of  actual  and 
deciave  experiments,  made  for  the  express  purpose  of  ascertaining 
that  fact,  the  capacity  for  heat  of  the  metal  of  which  great 
nuns  are  cast  ia  not  »ert»ibltf  changed  by  being  reduced  to  the 
Ibnu  of  metallic  chips,  and  there  does  cot  seem  to  he  any  reason 
to  think  that  it  can  be  much  changed,  if  it  be  changed  at  all,  in 
being  reduced  to  much  smaller  pieces  by  a  borer  which  is  less 

He  next  aurrounded  his  cylinder  by  an  oblong  deal  box,  in 
such  a  manner  that  the  cylinder  could  turn  water-tight  in  die 
centre  of  the  box,  whiie  the  borer  was  pressed  against  the  bottom 
iif  the  cylinder.  The  bo.x  was  filled  with  water  until  the  entire 
cylinder  wan  covered,  and  then  the  apparatus  was  set  in  action. 
Tiie  ten  perature  of  the  water  on  commencing  was  CO  degrees. 

'  The  result  of  this  beautiful  experiment,'  writes  Etunford, 
'  was  Tery  striking,  and  the  pleasure  it  afforded  me  a.mply  repaid 
me  for  all  the  trouble  I  had  had  in  contriving  and  arranging 
the  complicated  machinery  used  in  making  it.  The  cylinder  had 
l>een  in  motion  but  u  short  time,  when  I  perceived,  by  putting 
TLiy  hand  into  the  water,  and  touching  the  outside  of  the  cylinder, 
ihat  heat  was  generated. 

'  At  the  end  of  one  hour  the  fluid,  which  weighed  18'77  lbs,,  or 
2^  gallons,  had  its  temperature  raised  47  d^rees,  being  now 
107  degrees. 


'  In  thirty  minulea 
the  machinery  had  bi 
142  degrees. 

'  At  the  end  of  two  houra  from  the  begi 


one  horn-  and  thirty  minutes  after 


[ting,  the  temperature 


'  At  two  hours  and  twenty  minutes  it  wua  200  degreea,  and  at 
two  hours  and  thirty  minutes  it  ACTUALLY  boiled  I ' 

It  is  in  reference  to  this  experiment  that  Rumibrd  made  the 
remarka  regarding  the  surprise  of  the  bystanders,  wliich  I  have 
quoted  in  Chapter  I. 

He  then  carefully  estimates  the  quantity  of  heat  possessed  by 
each  portion  of  his  apparatus  at  the  conclusion  of  the  experiment, 
and,  adding  aU  together,  finds  a  total  sufficient  to  raise  2G-58  lbs. 


of  ice-cold  water  to  its  boiling-point,  or  through  180  r 
Fahrenheit.  By  careful  calculation,  lie  finds  this  heat  equal  to 
that  given  out  by  tha  combustion  of  2,303'B  graina  (^  4^"^  oz, 
troy)  of  wax. 

He  then  determines  the  '  celerity '  with  which  the  heat  was 
generated,  summing  up  thus :  '  From  the  results  of  thesu  com- 
putations, it  appears  that  the  quantity  of  heat  produced  equably, 
or  in  a  continuous  stream,  if  I  may  uso  the  e:ipresaioo,  by  the 
Iridion  of  the  blunt  Bt«el  borer  against  the  bottom  of  the  hollow 
'metallic  cylinder,  was  greater  than  that  produced  in  the  com- 
bustion of  nine  wax  cantlles,  each  three  quarters  of  an  inch  in 
diameter,  alt  burning  together  with  clear  bright  flames.' 

'  One  horse  would  have  been  equal  to  the  work  performed, 
though  two  were  actually  employed.  Heat  may  thus  be  produced 
merely  by  the  strength  of  a  horse,  and,  in  a  case  of  necesaity,  this 
heat  might  be  used  in  cooking  victuals.  But  no  circumiitances 
could  be  imagined  in  which  this  method  of  procuring  heat  would 
be  advantageous;  for  more  heat  might  be  obtained  by  using  the 
fodder  necessary  for  tlie  support  of  a  horse  as  fuel.' 

[Tliia  is  an  extremely  agnificant  passage,  intimatingaa  it  doea, 
that  Kumlord  saw  clearly  that  the  force  of  animola  was  derived 
from  the  food ;  no  creation  of  force  taking  pkce  in  the  animal 
body.] 

'  By  meditating  on  the  results  of  all  these  experiments,  we  are 
naturally  brought  to  that  groat  question  which  has  so  often  been 
the  BUbject  of  speculation  among  phiioagphers,  namely.  What  is 
heat — is  there  any  such  thing  aa  an  igneous  Jtuid  1  Is  there  any- 
thing tlial,  with  propriety,  can  be  caJled  caloric  ? ' 

'  We  have  seen  that  a  very  considerable  quantity  of  heit  may 
be  excit«d  by  the  friction  of  two  metallic  surfaces,  and  given  ofl^ 
in  a  constant  stream  or  flux  in  all  directions,  without  interruption 
or  intermistQon,  and  without  any  signs  of  diminution  or  exhaustion. 
Id  reasoning  on  this  subject  we  must,  not  forget  thatniogl  remark- 
able eireu^utance,  that  the  source  of  the  heat  generated  by  friction 
in  these  experiuienta  appeared  evidently  to  be  iiiexhauatiile. 
[The  italics  are  Kumford'a.]  It  ia  hardly  necessary  to  add,  that 
anything  which  any  iiisulnted  body  or  system  of  bodies  can  con- 
tinue to  fumiah  without  limitation  cannot  possibly  be  a  material 
hatance;  and  it  appears  to  me  to  be  extremely  difBcult,  if  not 
e  impossible,  to  form  any  distinct  idea  of  anything  capable  of 
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CHAP.  II. 


being  excited  and  communicated  in  those  experiments,  except  it 

be  MOTION.* 

\VTien  the  history  of  the  dynamical  theory  of  heat  is  written, 
the  man  who,  in  opposition  to  the  scientific  belief  of  his  time,  could 
experiment  and  reason  upon  experiment,  as  Rumford  did  in  the 
investigation  here  referred  to,  cannot  be  lightly  passed  over. 
Hardly  anything  more  poweriul  against  the  materiality  of  heat 
has  been  since  adduced,  hardly  anything  more  conclusive  in  the 
way  of  establishing  that  heat  is,  what  Rumford  considered  it  to  be, 
3fotion. 


>8)  f\^  'lie  occasion  of  our  first  meeting  here  a  sledge- 
Vf  hammer  was  permitted  to  descend  upon  a  lump  of 
lead,  and  the  lead  wa«  found  to  have  been  heated  by  t!ie 
blow.  Formerly  it  was  assumed  that  the  force  of  the  ham- 
mer was  simply  lost  by  tbe  ooncussion.  In  elastic  bodies  it 
was  supposed  that  a  portion  of  tbe  force  was  restored  by  the 
elasticity  of  tbe  body,  which  caused  the  descending  mass 
to  rebound  ;  but  in  the  collision  of  inelastic  bodies  it  wai 
taken  for  granted  that  the  force  of  impact  was  lost.  This, 
according  to  our  present  notions,  was  a  fundamental  mis- 
take; we  now  admit  no  loss,  but  assume,  that  when  the 
motion  of  the  descending  hammer  ceases,  it  is  simply  it 
case  of  tranefei'ence,  instead  of  annihilation.  The  motion 
(if  the  muAs,  as  a  whole,  has  been  transformed  into  a  motion 
of  the  molecules  of  the  mass.  This  motion  of  heat,  how- 
ever, though  intense,  is  executed  within  limits  too  minute. 
and  the  moving  particles  are  too  small,  to  be  visible. 
Here  the  imagination  must  help  ns.     In  the  case  of  solid 
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bodies,  while  the  force  of  cohesion  still  holds  the  molecules 
together,  you  must  conceive  a  power  of  vibration,  within 
certain  limits,  to  be  possesaed  by  the  molecules.  You 
must  suppose  tbem  oscillating  to  and  fro;  and  the  greater 
the  amount  of  heat  we  impart  to  the  body,  or  the  greater 
the  amount  of  mechanical  action  which  we  invest  in  it  by 
percussion,  compression,  or  friction,  the  greater  will  be 
the  rapidity,  and  the  wider  the  amplitude,  of  the  atomic 
oscillations. 

{59)  'Sovr,  nothing  is  more  natural  than  that  particles 
thus  vibrating,  and  ever  as  it  were  seeking  wider  room, 
should  urge  each  other  apart,  and  thus  cause  the  body  of 
which  they  are  the  constituents,  to  expand  in  volume- 
Tbis,  in  general,  is  the  consequence  of  imparting  heat  to 
bodies — expansion  of  volume.  We  shall  closely  consider 
the  few  apparent  esceptiona  by-and-by.  By  the  force  of 
cohesion,  then,  the  particles  are  held  together ;  by  the  force 
of  heat  they  are  pushed  asunder :  here  are  the  two  ontt^o- 
nistic  powers  on  which  the  molecular  aggregation  of  the 
body  depends.  Let  us  suppose  the  communication  of  heat 
to  continue;  every  increment  of  heat  pushes  the  particles 
more  widely  apart;  but  the  force  of  cohesion,  like  all  other 
known  forces,  acts  more  and  more  feebly  as  the  distance 
between  the  particles  which  are  the  seat  of  the  force  is  aug- 
mented. As,  therefore,  the  heat  strengthens,  its  opponent 
grows  weak,  until,  finally,  the  particles  are  bo  far  loosened 
from  the  rigid  thrall  of  cohesion,  that  they  are  at  liberty, 
not  only  to  vibrate  to  and  fro  across  a  fixed  position,  but  also 
to  roll  or  glide  around  each  other.  Cohesion  is  not  yet 
destroyed,  but  it  is  so  far  modified,  that  the  particles,  while 
still  offering  resistance  to  being  torn  directly  asunder,  have 
their  lateral  mobility  over  each  other's  surfaces  secured. 
This  is  the  liquid  condition  of  matter. 

(60)  In  the  interior  of  a  mass  of  bquid  the  motion  of 
every  atom  is  controlled  by  the  atoms  which  surround  it. 
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But  when  we  develope  heat  of  sufficient  power  even  witliiu 
the  body  of  a  liquid,  the  molecules  break  the  last  fetters 
of  cohesion,  and  fly  asunder  to  form  bubbles  of  vapour. 
If,  moreover,  one  of  the  surfaces  of  the  liquid  be  quite  free, 
(hat  is  to  say,  uncontrolled  either  by  n  liquid  or  solid,  it 
is  quite  easy  to  conceive  that  some  of  the  vibrating  super- 
ficial molecules  will  be  jerked  quite  away  from  the  liquid, 
and  will  fly  with  a  certain  velocity  through  space.  Thus 
freed  froni  the  iitjluence  of  cohesion,  we  ftave  matter  in 
the  vaporou3  or  gaseous  form. 

(61)  My  object  here  is  to  familiarise  your  minds  vfith 
the  general  conception  of  atomic  motion.  I  have  apoken 
of  the  vibration  of  the  molecules  of  a  solid  as  causiug  its 
expansion ;  the  molecules  have  been  thought  by  some  to 
revolve  rotmd  each  other,  and  the  communication  of  heat, 
by  augmenting  their  centrifugal  force,  was  supposed  to 
push  thera  raore  widely  asunder.'  To  this  spiral  spring 
IB  attached  a  weight ;  if  the  weight  be  twirled  round  in 
the  air,  it  tends  to  fly  away  from  me,  the  spring  stretches 
to  u  certain  extent,  and,  an  the  speed  of  revolution  is 
augmented,  the  spring  stretches  still  more,  the  distance 
lielween  my  hand  and  the  weight  being  thus  increased. 
And  imagine  the  motion  to  continue  till  the  spring 
imapped:  the  ball  attached  to  it  would  fly  ofif  along  a 
tangent  to  its  former  orbit,  and  thus  represent  an  atom 
freed,  bv  heat,  from  the  force  of  cohesion,  which  is  rudely 
represented  by  that  of  onr  spring.  The  ideas  of  the  most 
well-informed  philosophers  are  as  yet  uncertain  regarding 
the  exact  nature  of  the  motion  of  heat ;  but  the  great  point, 
at  present,  is  to  regard  it  as  motion  of  some  kind,  leaving 
its  more  precise  character  to  be  dealt  with  in  future 
investigations. 

•  This  Win  the  lijpolhofliB  of  Sir  Humphry  Dsvy.  {S«  Appendix  to 
i*  Chfti>ler.J  We  an  indebted  to  Ur.  Itankine  fur  cIie  complplu  mnlhe- 
itical  dBT»l(jpment  o(  a  -TUeor)-  of  Molfcul  or  Vortices.'  (Phil.  JIug.,  18S1, 
1.  ii.  p.  6U9.) 
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(6'i)  Wc  luigbt  extend  the  ootioD  of  revolving  atoms  to 
fffotit  alto,  and  deduce  their  plienomena  from  a  motioQ  ot 
lUi»  kituL  But  I  ]iave  just  thrown  out  an  idea  regarding 
(pnrr-""  molecules,  which  is  at  present  very  ably  main- 
Uincd :  *  the  idea,  namely,  that  eucli  molecules  6y  in 
HaS^^t  lines  through  space.  Thin  may  be  called  the 
bjpotb(«a  of  translation,  in  contradistinction  to  Davy's 
LjiM/lietiu  of  revolution.  Everybody  must  have  remarked 
hi/tr  quickly  the  perfume  of  an  odorous  body  tills  a  room, 
tuad  iiuB  fact  harmonises  with  the  idea  of  the  direct  pro- 
j«eti<yu  of  the  molecules.  It  may,  however,  be  proved, 
that  if  the  theory  of  rectilinear  motion  be  true,-  the  mole- 
eaU*  must  move  at  the  rate  of  several  hundred  feet  a 
secuud.  Hence  it  might  be  objected  that,  according  to 
(Im;  above  hypothesis  odours  ought  to  spread  much  more 
(juickly  than  they  are  observed  to  do. 
.  id)  Tlie  answer  to  this  objection  is,  that  the  odorous 
icies  have  to  m.ike  their  way  through  a  crowd  of  air 
,  with  which  they  come  into  incessant  collision.  On 
B  average, the  distance  throughwhich  a  molecule  can  travel 
in  c£>mmon  air,  without  striking  against  an  atom  of  air,  is 
infinitesimal,  and  hence  the  propagation  of  a  perfume 
through  air  is  enormously  retarded  by  the  air  itself.  It  is 
well  known  that  when  a  free  communication  is  opened 
between  the  surface  of  a  liquid  and  a  vacuum,  the  vacuous 
space  is  much  more  speedily  filled  with  the  vapour  of  the 
liquid  than  when  air  is  present, 

(64)  It  is  not  difficult  to  determine  the  average  velo- 

t  with  which   the   particles  of  various   gases   move, 

[  to  the  hypothesis  of  translation.     Taking,  for 

^  gas  at  the  pressure  of  an  atmosphere,  or  of 

*  square  inch,  and  placing  it  in  a  vessel  a  cubic 

B  and  shape :  from  the  weight  of  the  gas  we  can 

t,  Etuitig,  MbiwcH  ;  and.  in  a  nerks  ot  nuulcrtv  pBp«n,  bj 
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calculate  the  velocity  with  wbicb  ita  particles  must  strike 
each  side  of  the  vessel  in  order  to  counteract  a  pressure  of 
15  lbs.  It  is  maDifeat  at  the  outset,  that  tbe  lighter  the 
gas  is,  the  greater  must  be  its  velocity  to  produce  the 
re<]uired  effect.  According  to  Clausius  (Phil,  Mag.,  1857, 
vol.  xiv.  p.  124),  the  following  are  the  average  velocities 
of  tbe  atoms  of  osygen,  nitrogen,  and  hydrogen,  at  tbe 
temperature  of  melting  ice — 

ff  Osj-gcn  ....     I.SH  feci  per  ieixad. 

H  NtlneFU         ....     1,616    ., 

H.         H7dn«rn      ...    6.0fi0    „ 

Afl  far  back  as  1848,  Mr.  Joule  deduced  from  this  bjrpu- 
tbesis  the  velocity  of  hydrogen  atoms,  and  found  it  to 
be  6,055  feet  per  second. 

(65)  According  to  this  hypothesis,  theti,  we  are  to  figure 
a  gaseous  body  as  one  whose  molecules  are  flying  in  straight 
lines  through  space,  impinging  like  httle  projectiles  upon 
each  other,  and  striking  ^linst  tbe  boundaries  of  the 
space  which  they  occupy.  I  place  this  bladder,  half  filled 
with  air,  under  tbe  receiver  of  the  air-pump,  and  remove  the 
air  from  the  receiver.  The  bladder  swells ;  the  air  within  it 
appears  quite  to  fill  it,  bo  as  to  remove  all  its  folds  and 
creases.  How  is  this  expansion  of  tbe  bladder  produced  ? 
.\ooording  to  our  present  theory,  it  is  produced  by  the 
shooting  of  atomic  projectiles  ag^ust  its  interior  surface, 
driving  the  envelope  outwards,  until  it5  tension  is  able  to 
cope  with  their  force.  When  air  is  admitted  into  the 
receiver,  tbe  bladder  shrivels  to  its  former  dze ;  and  here 
we  must  figure  tbe  discharge  of  the  atoms  i^ainst 
the  outer  surface  of  tbe  bladder,  driving  the  envelope 
inwards,  causing,  at  the  ^me  time,  the  atoms  within  t'^ 
concentrate  their  fire,  until  finally  the  force  from  within 
equals  that  from  without,  and  the  envelope  remains  qui- 
escent. All  tbe  impressions,  then,  which  we  derive  from 
heated  air  or  vapour  are,  according  to  this  hypotbeftis. 
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due  to  tbe  impact  of  gaseous  molecules.  They  stir  the 
nerves  in  their  own  pecuiiar  way,  the  nerves  transmit 
the  motion  to  the  brain,  and  the  brain  declares  it  to  be 
heat.  Thus  the  impression  one  receives  on  entering  the 
hot  roon.  of  a  Turkish  bath,  is  caused  by  the  atomic  can- 
nonade which  is  there  maintained  against  the  surface  of 
the  body.  I  would  stale  this  as  a  hypothesis  advocated  by 
eminent  men,  without  expressing  either  assent  or  dissent 
myself, 

(66)  If,  instead  ofplacing  this  bladder  under  the  receiver 
of  an  air-pump,  and  withdrawing  the  external  air,  I  aug- 
ment) by  heat,  the  projectile  force  of  the  particles  within  it, 
these  particles,  though  comparatively  few  in  number,  will 
strike  with  such  impetuous  energy  against  the  inner  sur- 
face as  to  cause  the  envelope  to  retreat:  the  bladder 
swells  and  becomes  apparently  filled  with  air;  holding 
the  bladder  close  to  the  fire,  all  its  creases  are  removed. 
The  bladder  here  intercepts  the  radiant  heat  of  the  fire, 
becomes  warm,  and  then  communicates  its  heat,  by  con- 
tact, to  the  air  within. 

(67)  This,  then,  is  a  simple  illustration  of  the  expansive 
force  of  heat,  and  I  have  majie  an  arrangement  intended 
to  show  you  the  same  fact  in  another  manner.  This 
flask,  F  (fig.  20),  is  empty,  except  as  regards  air,  intended 
to  be  heated  by  placing  a  spirit-lamp  underneath  it.  From 
the  flask  a  bent  tube  passes  to  this  dish,  containing  a 
coloured  liquid.  In  the  dish,  a  glass  tube,  (  t,  two  fleet 
long,  is  inverted,  closed  at  the  top,  but  with  its  open  end 
downwards.  You  know  that  the  pressure  of  the  atmosphere 
is  c         ■Tit  to  keep  a  column  of  liquid  in  this  tube,  and 

ve  it  quite  filled  to  the  top  with  the  liquid, 
asing  from  the  flask  F  is  caused  to  turn  up 
meath  the  open  end  of  this  upright  tube,  eo 
ibble  of  air  should  issue  from  the  former,  it 
tbe  latter.     I  now  heat  the  flask,  uud  the  air 
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Lods,  for  the  rensoQs  already  given ;  liubblee  are  driven 
I  the  end  of  the  bent  tube,  and  they  ascend  in  the 


tulie  t  t.  The  air  Rpeedily  depresses  the  coloured  liquid, 
until  now,  iu  the  course  of  a  very  few  seconde,  the  whole 
column  of  li<iuid  ha.s  been  super^^ded  by  air. 

(C8)  It  is  perfectly  manifest  that  the  air,  thus  expanded 

by  heat,  is  lighter  than  the  unexpended  air.     Our  fluKk, 

-.at  the  conclusion  of  this  experiment,  is  lighter  than  it  wae 

j^HIt  the  coiumencement,  by  the  weight  of  the  air  transferred 

^^■on  it  into  the  upright  tube.     Supposing,  therefore,  a 

^  light  bag  to  be  filled  with  such  air,  it  is  plain  that  the 

bug  would,  with  reference  to  the  heavy  air  nutside  it,  be 

like  a  drop  of  oil  in  water.    The  oil,  being  lighter  than  the 

water,  will  ascend  through  the  latter;  so  also  our  bag, 

tilled  with  heated   air,  will   ascend   in  the   atmosphere: 

iiiid  this  is  the  principle  of  the  so-called  tire-lialloon.    My 

aKsi)iCant  will  ignite  sumo  tow  in  this  vessel,  over  it  he 

will  place  a  funnel,  and  over  the  funnel  I  will  hold  tJie 

tnouth  of  this  paper  balluon.     The  heated  air  aKcending 

1  the  burning  tow  enters  the  balloon,  and  euuHes  it  to 
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swell;  its  tendency  to  rise  Ib  already  miiiiifest.  On  let- 
ting it  go,  it  sails  aloft  till  it  strikes  the  ceiling  of  the 
room. 

(69)  But  we  must  not  be  content  vritli  regarding  these 
phenomena  in  a  general  way ;  without  exact  quantitative 
determinations,  our  discoveries  would  soon  confoimd  and 
bewilder  us.  We  must  now  enquire  what  is  the  amount 
of  expansion  which  a  given  quantity  of  heat  is  able  to 
produce  in  a  gas  ?  This  is  an  important  point,  and  de- 
mands our  special  attention.  In  speaiing  of  the  volume 
of  a  gas,  we  should  have  no  distinct  notion  of  its  real 
quantity  if  its  temperature  were  omitted,  so  largely  does 
the  volume  vary  with  the  temperature.  Take,  then,  a 
measure  of  gas  at  the  precise  temperature  of  water  when 
it  begins  to  freeze,  or  of  ice  when  it  begins  to  melt,  that  is 
to  say,  at  a  temperature  of  32°  Fabr.  or  0°  Cent.,  and  raise 
that  volume  of  gas  one  degree  in  temperature,  Ihe  "preaeure 
on  every  square  inch  of  the  envelope  u-htch  holds  tlie  gas 
beiiuj  preserved  constant.  The  volume  of  the  gas  will  be- 
come expanded  by  a  quantity  which  we  may  call  a ;  raise  it 
another  degree  in  temperature,  its  volume  will  be  expanded 
by  2a,  a  third  degree  will  cause  an  expansion  of  3a,  and 
so  on.  Thus  we  see,  that  for  every  degree  which  we  add 
to  the  temperature  of  the  gas,  it  is  expanded  by  the  same 
amount.  What  is  this  amount  ?  No  matter  what  volume 
the  gaa  may  possess  at  the  freezing  temperature,  by  raising 
it  one  degree  Fahrenheit  above  the  freezing  point  we 
augment  its  volume  by  -^^-nth  of  its  own  amount ;  while 
by  raising  it  one  degree  Ceuthjrade  we  augment  the  volume 
by  -j-fard  of  its  own  amount,  A  cubic  foot  of  gas,  for 
example,  at  0°  C,  becomes,  on  being  heated  to  1°,  l^i-j 
cubic  foot,  or,  expressed  in  decimals — 

1  vol.  at  0"  C.  becomes     1  +  -00366  at  1°  C. ; 
at  2°  C.  becomes     1  +  -00366  x  2  ; 
at  3°  C.  becomes     1  +  -00366  x  3,  and  ho  on. 
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^Hbod  of  itfi  own  volume,  which  a  gae,  at  the  freezing  tem- 

^"perature,  expands  on  being  beated  one  degree,  is  culled 

the  cof0i.cient  of  expansion  of  the  gas.     Of  course  if  we 

line   the  degrees   of  Fahrenheit,  the   coefficient  will    be 

smaller  in  the  proportion  of  9  to  5. 

(70)  It  is  a  very  remarkable  and  significant  fact  that  all 
permanent  gases  expand  by  almost  precisely  the  same . 
amount  for  every  degree  added  to  their  temperature,  We 
can  deduce  from  this  with  extreme  probability  the  im- 
portant conclusion,  that  where  heat  causes  a  gas  to  expand, 
the  work  it  performs  consists  solely  in  overcoming  the 
constant  pressure  from  without — that,  in  other  words,  the 
heat  ia  not  interfered  with  by  the  mutual  attraction  of  the 
ga«eou8  molecules.  For  if  this  were  the  case,  we  should 
Lave  every  reason  to  expect,  in  tlie  case  of  different  gases, 
the  same  irregularities  of  expansion  which  we  obaerve  in 
liquids  and  solids.  I  said  intentionally  '  by  almost  pre- 
cisely the  same  amount,"  for  many  gases  which  are  perma- 
^_IW&t  at  all  ordinary  temperatures  deviate  slightly  from  the 
Bjde.     This  will  he  seen  from  the  following  table :— 

^^^B  KftDifl  nt  Ct*  CoeffldvuE  oT  Ejipiui«rgD 

^^K  Itjdn^cU    ......  O'UIISGS 

^^K  Air.  ...  .  U'OU3S7 

^^V  OtrbonU  oxide  U'UU307 

^^B  OubonK  ttcii  .  .  000371 

^^B  Prot«SHla  o/  nitrugfii  ....  0-00373 

^^r  i>iilphurou«  acid       .....  000300 

^^*  Here  hydrogen,  air,  and  carbonic  oxide  agree  very 
closely ;  still  there  is  a  slight  difference,  the  coefficient  for 
hydrogen  I>eing  the  lea.st.  We  remark  in  the  other  cases 
a  greater  deviation  from  the  rule;  and  it  is  particularly 
to  be  noticed  that  the  gases  which  deviate  most  are  those 
which  are  nearest  tieir  point  of  liquefaction.  The  first 
three  gases  in  the  table  never  have  been  liquefied,  all  the 

^^tbers  have.    These  are,  in  fact,  imperfect  gases,  occupying 
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11  kind  of  intermediate  place  between  the  liquid  and  the 
perfect  gnfleotis  condition. 

(71 )  This  mucli  made  clear,  we  sball  now  approacb,  bv 
slow  degrees,  fto  interesting  but  difficult  subject.    Suppose 

„^,  q,  a  quantity  of  air  to  be  contained  in  a  very  tall 
cylinder,  A  b  {f]p.  21),  tbe  transverse  section  of 
which  is  one  square  inch  in  area.  Let  the  top  A 
of  the  cylinder  be  open  to  tbe  air,  and  let  p  be  a 
piston,  which,  for  reasons  to  be  explained  imme- 
diately, I  will  suppose  to  weigh  two  pounds  one 
ounce,  and  which  can  move  air-tigbt  and  without 
friction  up  or  down  in  the  cylinder.  At  the  com- 
mencement of  the  experiment,  let  the  piston  he  at 
the  point  p  of  the  cylinder,  and  let  tbe  height  of 
II  the  cylinder  from  its  bottom  b  to  the  point  s  be 
-Htp  273  inches,  the  air  nnderueath  the  piston  being 
at  a  temperature  of  0°  C.  Then,  on  beating  tbe 
air  from  0°  to  1°  C,  the  piston  will  rise  one  inch ; 
it  will  now  stand  at  274  inches  above  tbe  bottom. 
If  the  temperature  be  raised  two  degrees,  tbe  pis- 
ton will  stand  at  275 ;  if  raised  three  degrees,  it 
will  stand  at  276 ;  if  raised  ten  degrees,  it  will 
stand  at  283  ;  if  100  degieea,  it  will  stand  at  37S 
inches  above  the  bottom ;  finally,  if  the  tempera- 
tiu-e  were  raised  to  273°  (.'.,  it  ia  quite  manifest  that 
273  inches  woiild  be  added  to  the  height  of  the 

column,  or,  in  other  words,  that  hy  heating  the  air  t« 

273°  C,  its  vohime  ti-auld  be  doubl&l. 

(72)  The  gas,  in  this  experiment,  executes  work.  In 
expanding  from  p  upwards  it  has  to  overcome  the  down- 
ward pressure  of  the  atmosphere,  which  amounts  to  1 5  lbs. 
on  every  square  inch,  and  also  the  weight  of  the  piston 
its-lf,  which  is  2  lbs.  I  oz.  Hence,  the  section  of  the 
pylinder  being  one  w^iiare  inch  in  area,  in  expanding  from 

he  work  done  by  the  g.ts  i.s   equivalent  to  the 


ng  a  weight  of  17  lbs.  I  oz,,  or  273  ounces,  to  a  height 
inches.     It  is  just  the  same  as  what  it  would  ac- 
iplish,  if  the  air  above  p  were  entirely  abolished,  and  a 
>a  weighing  17  lbs.  1  oz.  were  placed  at  p. 

Let  113  uow  alter  our  mode  of  esperimeDt,  and 
of  allowing  our  gas  to  expand  when  heated,  let  iia 
iBe  its  expansion  by  augmenting  the  pressure  upon  it. 
words,  let  us  keep  its  volume  cmiefant  white  it  is 
being  lipated.  Suppose,  as  before,  the  initial  temperature 
of  the  gas  to  be  0°  C,  the  pressure  upon  it,  including  the 
weight  of  the  piston  P,  being,  as  formerly,  273  ouuceti.  Let 
us  warm  the  gas  from  0°  C.  to  1"  C;  what  weight  must 
we  add  at  r  in  order  to  keep  its  vohime  constant?  Exactly 
"ue  ounce.  But  we  have  supposed  the  gas,  at  the  com- 
mencement, to  he  under  a  pressure  of  273  ounces,  and 
the  pressure  it  sustains  is  the  measure  of  its  elastic  force  ; 
hence,  by  being  beated  one  degree,  the  elastic  force  of  the 
gaa  has  augmented  by  ^|-3rd  of  what  it  possessed  at  0°. 
If  we  warm  it  2",  2  oza.  must  be  added  to  keep  it^  volume 
constant :  if  3°,  3  ozs.  must  be  added.  And  if  we  raise  itjt 
temperature  273°,  we  should  have  to  add  273  ozs. :  that  is, 
we  should  have  to  iiouhte  the  original  presaure  to  keep 
volume  constant. 
(74)  It  is  simply  for  the  sake  of  clearness,  and  to  avoid 
ions,  that  I  have  supposed  the  gas  to  be  under  the 
original  pressure  of  273  ozs.  No  matter  what  the  prea- 
Hure  may  be,  the  addition  of  1°  C.  to  its  temperature 
produces  an  augmentation  of  -j^'j'''^  "^^  "'^  elastic  force 
which  the  gas  possesses  at  the  freezing  temperature ; 
and  by  raising  its  temperature  273°,  while  its  volume  is 
kept  constant,  its  elastic  force  is  doubled.  Let  us  now 
compare  this  experiment  with  the  last  one.  Tliere  we 
heated  a  certain  amount  of  gaa  from  0°  to  273°  C,  and 
doubled  its  volume  hy  so  doing,  the  double  volume  being 
icd  by  lifting  a  weight  of  273  ozs,  through  a  height 
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of  273  incbes.  Here  we  beat  tbe  same  amount  of  gas 
from  0°  to  273°,  but  we  do  not  permit  it  to  lift  any  weight. 
We  keep  its  volume  constant.  The  quantity  of  matter 
heated  in  both  canes  is  the  same;  the  tempeiuture  to 
which  it  is  beated  is  the  same;  but  are  the  absolute  quan- 
tities of  heat  imparted  in  both  cases  the  same?  By  no 
means.  Supposing  that  to  raise  the  temperature  of  tbe 
gaa,  whose  volvnie  is  kept  constant,  273°,  10  grains  of 
combustible  matter  are  necessary ;  then  to  raise  the  tem- 
perature of  tiie  (ras,  whose  pressure  is  kept  constant,  an 
erpial  number  of  degrees,  would  require  the  consumption 
of  14^  grains  of  tbe  same  combustible  matter.  Tlw.  heat 
produced  by  the  combustion  of  the  additional  4^  grains, 
in  the  latter  case,  is  entirely  consumed  in  Uftlni}  the  weight. 
Using  tbe  accurate  numbers,  tbe  quantity  of  heat  applied 
when  the  volume  is  constant,  is  to  the  quantity  applied 
when  the  pressure  is  constant,  in  tbe  proportion  of 

\  to  1-421. 

(75)  This  eitremely  important  fact  constitutes  tbe  basis 
from  which  the  mechanical  equivalent  of  beat  was  first 
calculated.  And  here  we  have  reached  a  point  which  is 
worthy  of,  and  which  will  demand,  your  entire  attention. 
I  will  endeavour  to  make  this  calculation  before  you. 

(76)  Let  c(fig.22)  be  a  cylindrical  ves- 
sel with  a  base  one  square  foot  in  area.  Let 
p  p  mark  tbe  upper  surface  of  a  cubic  foot  of 
air  at  a  temperature  of  0°  C,  or  32°  Fahr. 
The  height  a  p  will  be  then  one  foot.  Let 
tbe  air  be  heated  till  its  volume  is  doubled; 
to  effect  this  it  must,  as  before  explained, 
be  raised  273"  C,  or  490°  F.  in  tempera- 
tnie :  and,  when  expanded,  its  upper  sur- 
face will  stand  at  p'  p',  one  foot  above  its 
initial  position.    But  in  rising  from  p  p  to  r'  p'  it  has  forced 
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ick  the  atmosphere,  which  eserta  a  pressure  of  15  lbs.  on 
Y  square  inch  of  its  upper  surface ;  in  other  words  it 
B  lifted  a  weight  of  14-lx  lo=2,I60  lbs,  to  a  height  of 
e  foot 

)  The  '  capacity"  for  heat  of  the  air  thus  expanding 
0-24 ;  water  being  unity.  The  weight  of  our  cubic  foot 
tr  is  1-29  oz.;  hence  the  quantity  of  heat  required  to 
1*29  oz.  of  air  490°  Fahr.  would  raise  a  little  less 
1  one-fourth  of  that  weight  of  water  490°.  The  exact 
entity  of  water  equivalent  to  our  1'29  oz.  of  air  is  1'29 
5-24  =  0-31  oz. 

i  (78)  But  0-31  oz.  of  water,  heated  to  490°,  is  equal  to 
iSS  OM.  or  D\  llw.  heatL'd  1°.  Thus  the  heat  imparted  to 
r  cubic  foot  of  air,  in  order  to  double  its  vohime,  and 
enable  it  to  lift  a  weight  of  2, 160  lbs.  one  foot  high,  would 
be  competent  to  raise  9^  Iha.  of  water  one  degree  in  tem- 
perature. 

(79)  The  air  haa  here  been  heated  umler  a  constant 
pressure,  and  we  have  learned  that  the  quantity  of  heat 
aeccBsary  to  raise  the  temperature  of  a  gas  under  constant 
preaaure  a  certain  number  of  degrees,  is  to  that  required 
to  raise  the  temperature  of  the  gas  the  same  number  of 
degrees,  when  Its  volame  is  kept  constant,  in  the  propor- 
tjon  of  1*42  :  1 ;  hence  we  have  the  statement^ — 

Ibg.       Ibt. 

1-42  :  1  =  9-5  :6-7, 
which  shows  that  the  quantity  of  heat  necessary  to  augment 
the  temperature  of  our  cubic  foot  of  air,  at  constant  volume, 
490°,  would  heat  6*7  Iba.  of  water  1". 

(80)  Deducting  6-7  lbs.  from  9-5  lbs.,  we  find  that  the 
excess  of  heat  imparted  to  the  air,  in  the  rase  where  it  in 
permitted  to  expand,  is  competent  to  raise  2'8  lbs.  of  water 
1"  in  temperature. 

(BI)  As  explained  already,  this  exceits  is  employed  to 
lift  a  weight  of  2,IIJ0  lbs.  one  foot  higli.     Dividing  a.lBU 
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l>y  2*8,  we  find  that  a  quantity  of  heat  Biiffident  to  raise 
I  lb.  of  water  1°  Fahr.  in  temperature,  is  competent  to  raise 
a  weight  of  771-4  lbs.  a  foot  high. 

(82)  This  method  of  calculating  the  mechanical  ei|uiva- 
lent  of  heat  was  followed  by  Dr.  Mayer,  a  pbyBician  iu 
Heilbronn,  Germany,  in  the  spring  of  1842. 

(83)  Mayer's  first  paper  contains  merely  an  indication 
of  the  way  in  which  he  had  found  the  equivalent ;  but  does 
not  contain  the  details  of  the  calonlation.  In  that  paper 
were  enunciated  the  convertibility  and  indestructibility  of 
force,  and  its  author  referred  to  the  mechanical  equivalent 
of  heat,  merely  in  iliuatralion  of  hia  principles.  The  essay 
wafi  evidently  a  kind  of  preliminary  note,  from  which  data 
might  be  taken.  Its  author  was  engaged  in  an  arduotia 
profession,  and  the  very  limited  leisure  which  he  could 
devote  to  science  rendered  it  necessary  on  his  part  to  secure 
himself  against  the  hazards  of  delay.  Jlayer's  subsequent 
labours  conferred  dignity  on  the  theory  which  they  illus- 
trated. In  1 845  he  published  an  Essay  on  Organic  Motion, 
which,  though  exception  might  be  taken  to  it  here  and 
there,  is,  on  the  whole,  a  production  of  extraordinary  merit 
and  importance.  This  was  followed  in  1848  by  an  Essay 
on  Celestial  Dynamics,  in  which,  with  remarkable  bold- 
ness, sagacity,  and  completeness,  he  developed  the  meteoric 
theory  of  the  sun.  And  this  was  followed  by  a  fourth  me- 
moir in  1851,  which  also  bears  the  stamp  of  intellectual 
power.  Taking  him  all  in  all,  the  right  of  Dr.  Mayer  to 
stand,  as  a  man  of  true  genius,  in  the  front  rank  of  the 
founders  of  the  dynamical  theory  of  heat,  cannot  be  dis- 
puted. 

(84)  On  the  -Jlst  of  August,  1843,  Dr.  Joule*  communi- 
cated to  the  British  Association,  then  meeting  at  Cork,  a 
paper  which  was  devoted,  in  part,  to  the  determination  of 
the 'mechanical  value  of  heat."     Joule's  publication  had 

•  Fhil.  Mug.  18*3,  rol.uiii,  p.  435. 
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l>een  preceded  by  a  long  course  of  experinienta,  so  tbat 

his  first  work  and  Mayer's  were  really  contemporaneous. 

Thifl  elaborate  investigation  gave  the  following  weights 

rnised  one  foot  high,  as  equivalent  to  the  wanning  of  1  lb. 


E'lOf  water  1°  Fahrenheit,  the  thermometric  scale 
■by  Dr.  Joule. 

1.  896  lbs. 

2.  1,001  „ 

3.  1,040  „ 

4.  910  „ 
(85)  From  the  passage  of  water  through 

Boule  deduced  an  equivalent  of 

770  foot  pounds. 

'  (86)    In    1844  he  deduced  from   experiments  on  the 

oidensation  of  air,  the  following  equivalents  to  1  Ih.  of 


1,026  lbs. 
587  „ 


860  , 


m  ployed 


heated  1°  Fahr. 

82.1  fou 

it  pounds 

"95 

„ 

820 

„ 

814 

,j 

760 

„ 

(87)  As  the  experience  of  the  experimenter  increased, 
we  find  that  the  coincidence  of  his  results  became  closer. 
In  1845  Dr.  Joule  deduced  from  experiments  with  water, 
gjitated  by  a  paddle-wheel,  an  equivalent  of 

890  foot  pounds. 

I  (88)  Summing  up  his  results  in  1845,  and  taking  the 

J),  he  found  the  equivalent  to  be 

817  foot  pounds. 

E  (89)  In  1847  he  found  the  mean  of  two  experiments  to 

a  equivalent, 

781-8  foot  pounds. 


(90)  Finally,  in  1849,  applying  all  the  precautions  sug- 
gested by  seven  years'  experience,  he  obtained  the  following 
numbers  for  the  mechanical  equivalent  of  beat :—  ' 

772-692.  from  frirtion  of  water,      meun  of  40  experiraenls,  ^B 


These  experiments  rank  among  the  most  memorable  that 
have  ever  been  executed  in  physical  science.  They  form 
of  themselves  a  strict  demonstration  of  the  dynamical 
theory  of  heat, 

(91)  For  reasons  assigned  in  his  paper,  Joule  fixes  the 
exact  ei^uivalent  at  ^fl 

772  foot  pounds. 

(92)  According  to  the  method  pursued  by  Mayer,  in 
1842,  the  equivalent  is 

771'4  foot  pounds. 

Such  a  coincidence  relieves  the  mind  of  every  shade  of 
uncertainty  regarding  the  correctness  of  our  present  me- 
chanical equivalent  of  heat. 

(93)  It  is  not  his  experiments  alone,  but  the  spirit  which 
they  incorporate,  and  the  applications  which  their  author 
made  of  them,  that  entitle  Dr.  Joule  to  a  place  in  the  fore- 
most rank  of  physical  philosophers.  Mayer's  labours  have. 
in  some  measure,  the  stamp  of  a  profound  intuition,  which 
rose,  however,  to  the  energy  of  undoubting  conviction  in 
the  author's  mind.  Joule's  labours,  on  the  contrary,  are 
an  experimental  demonstration.  Alayer  thought  his  theory 
out,  and  rose  to  its  grandest  applications ; ,  Joule  vorked  his 
theory  out,  and  gave  it  the  solidity  of  natural  truth.    True 

fculative  instinct  of  his  country,  Mayer  drew  large 
ity  conclusions  from  slender  premises;  while  the 
m  aimed,  above  all  things,  at  the  firm  establisb- 
icts.     The  future  historian  of  science  will  not,  I 


Ky 
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think,  pliice  these  men  in  antagonism.  To  each  belongs  a 
reputation  whicb  will  not  qiuckly  fade,  for  the  share  he 
has  Lad,  not  only  in  establishing  the  dynamical  theory  of 
heat,  but  also  in  leading  the  way  towards  a  right  apprecia- 
tion of  the  general  energies  of  the  universe. 

(94)  Let  us  now  check  our  conclusion  regarding  the  in- 
fluence which  the  perforniaace  of 
work  haa  on  the  temperature  of  a 
gas.  Is  it  not  possible  to  allow  a 
gas  to  expand,  without  performing 
work?  This  question  ia  answered 
by  the  following  important  experi- 
ment, which  was  first  made  by  Gay 
LuBsac  These  two  copper  veaseb 
A,  B(fig.  23),  are  of  the  same  size; 
one  of  which,  A,  is  exhausted, 
and  the  other,  B.  filled  with  air. 
I  turn  the  cock  c ;  the  air  rushes  out  of  b  into  A,  until  the 
same  pressure  exists  in  lioth  vessels.  Now  the  air,  in  driving 
ita  own  particles  out  of  s,  performs  work,  and  experiments 
Hprtiich  we  have  already  made  inform  us  that  the  air  which 
^PlSmains  in  b  must  be  chilled.  The  particles  of  air  enter  a 
'  with  a  certain  velocity,  to  generate  which  the  heat  of 
the  air  in  B  has  been  sacriliced;  but  they  immediately 
strike  against  the  interior  surface  of  A,  their  motion  of 
transhition  is  annihilated,  and  the  exact  quantity  of  heat 
lost,  by  B  appears  in  A.  The  contents  of  a  and  B  mixed 
together,  give  air  of  the  original  temperature.  There  is  no 
work  performed,  and  there  is  no  heat  lost.  With  the  dyna- 
mical theory  of  heat  in  view.  Dr.  .loule  made  this  experi- 
ment by  compressing  twenty-two  atraospherea  of  air  into 
one  of  his  vessels,  while  the  other  was  exhausted.  On  sur- 
roimding  both  vessels  by  water,  kept  properly  agitated, 
no  augmentation  of  its  temperature  was  observed,  when 
IS  was  allowed  to  stream  from  one  vessel  into  the 
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other.*  In  like  manner,  suppose  the  top  of  the  cylinder 
(fig.  21)  to  be  closed,  and  the  half  a'nove  the  piston  p 
a  perfect  vacuum;  and  suppose  the  air  in  the  lower  half 
to  be  heated  up  to  273°  C,  its  vulutue  being  kept  con- 
stjiut.  If  the  pressure  were  removed,  the  air  would 
expand  and  611  the  cylinder;  the  lower  portion  of  the 
column  would  thereby  be  chilled,  but  the  upper  portion 
would  be  heated,  atid  mixing  both  portions  together, 
we  should  have  the  whole  column  at  a  temperature  of 
"iTS^t  li  this  case,  we  raise  the  tempeiature  of  the 
gas  from  0°  to  273°,  and  afterwards  allow  it  to  double  its 
volume;  the  temperatures  of  the  gas  at  the  commence- 
ment, and  at  the  end,  are  the  ttame  as  wheu  the  gas 
expands  against  a  constant  pressure,  or  lifts  a  constant 
weight;  but  the  absolute  quantity  of  heat  in  the  latter 
fAse  is  1'42I  times  that  employed  in  the  former,  because, 
ID  the  one  case,  the  gas  performs  mechanical  work,  and 
the  other  not. 


1 


•  Phil.  Mag.  181.5,  toI.  xivi.  p.  378. 

f*  I  bare  r^i'flntJj  fouod  a  ease  ruentiooed  hy  Furadaj  (Resci 
nisCiy  and  Physics,  p.  22 1 ),  where  the  effect  refemnl  Ui  in  th 
HubsUuce,  ohaemd.  FamdAj'sexphmalionof  tliuuSecL  is  a  m 
inatanco  of  lie  ftpplication  u(  the  material  th«nry  of  hent.  Tlio  oLsermtion 
■FBB  made  at  the  Portabto  Gas  Wurks.  in  18^7.  '  It  fivquently  hspptnt,' 
writes  Farnday,  '  that,  gas  prorioiulj  at  the  preBgnre  of  thirty  aCnioHphraw 
is  middonly  allowed  to  enter  |Jibb6  ioDg  gaB-veaauls  (lylinilurB),  at  which 
Limo  a  L'urioiu  effect  is  observtid.  That  eod  of  tho  cylinder  at  which  Ihe 
gaa  eatrn  becomes  very  much  cuoled,  whilst,  on  the  vontrsry,  the  otliCT  end 
aoqnire*  ■  conBidecsble  rise  df  temperature.  The  effect  ii  prodaced  by  ehangt 
afcafoeitym  tktga*:  for  as  it  OUtots  the  vi-isel  from  the  parts  in  which  it 
wua  previuoBly  ctnifinod.  at  u  pressure  at  tliirty  atmoiphcres,  it  suddenly 
expands,  luu  its  capacity  for  beat  iucreaead,  falls  in  tempers lurr,  and  eonse- 
qaently  cooli  that  port  of  the  vesul  with  which  it  first  comes  in  contact. 
fiat  ihs  pan  which  bos  thus  takon  heat  from  the  vessel  twiog  IlirusL  fbrwud 
extremity  'A  the  cylinder  by  the  successiru  portions  vhich 
mnprfheod  by  them,  ha»  iln  capacity  diminiihed,  aod  now 
At,  or  a  part  of  it,  which  it  had  a  moment  before  absorbed.' 
the  plirasei  which  exprem  the  old  notion.  The  differeoM 
iMBUmsd  Ib  DOW  known  to  huve  oo  elisteuce. 
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(95)  We  are  taught  by  this  experiment  that  mere  rare- 
i.iotioQ  18  not  of  itself  sufficient  to  produce  a  lowering  of 
lie  mean  temperature  of  a  raaas  of  air.  It  was,  and  is 
(ill,  a  current  notion,  that  the  mere  expansion  of  a  gaspro- 
■  liiL-es  refrigeration,  no  matter  how  that  expansion  may  be 
efiecled.  The  coldness  of  tLe  higher  atmospheric  regions 
was  accounted  for  by  reference  to  the  expansion  of  the  air. 
It  wax  thought  that  what  we  liave  called  the  '  capacity  for 
lieat'  was  greater  in  the  case  of  tlie  rarefied  than  of  the 
unmrefied  gas,  and  that  chilJing  must  therefore  be  the 
consequence  of  rarefaction.  But  the  refrigeration  which 
accompanies  expansion  is,  in  reality,  due  to  the  consump- 
tion of  heat  in  the  performance  of  work.  Where  no  work 
is  performed,  there  ia  no  absolute  refrigeration.  All  this 
neeils  reflection  to  arrive  at  clearness,  hut  every  effort  of 
thin  kind  which  you  make  will  render  your  Biibsequent 
Torts  easier;  and  should  you  fail,  at  present,  to  gain 
of  comprehension,  I  repeat  my  recommendation 
pfttience.  Do  not  quit  this  portion  of  the  subject  with- 
in effort  to  comprehend  it— wrestle  witli  it  for  a  time, 
do  not  despair  if  you  fail  to  arrive  at  clearness. 
i(86)  t  have  now  to  direct  your  attention  to  one  other 
trnrtiug  question.  We  have  seen  the  elastic  force  of 
gas  augmented  by  an  increase  of  temperature.  In  an 
ible  envelope  we  have,  for  every  degree  of  tempera- 
ture, a  certain  definite  increment  of  elastic  force,  due  to 
the  augmented  energy  of  the  gaseous  projectiles.  Reckon- 
ing from  0°  C.  upwards,  we  find  that  every  degree  adde<l 
I'l  the  temperature  produces  an  augmentation  of  elastic 
force,  equal  to  -j^rd  of  that  which  the  gas  possesses  at 
lt%  and,  hence,  that  by  adding  273°  we  double  the  elastic 
force.  Supposing  the  same  law  to  holil  good  wh';n  we 
reckon  from  0°  (fj>vmi'arils—^\mt  for  every  degree  of  tem- 
trature  viihih-avni,  from  the  gas  we  diminish  its  elastic 
tie  motion  whieli  produces  it.  hy  ^f^ni  of  what 
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it  posseGses  at  0°,  it  iB  manifest  that  at  a  temperature  of 
273°  Centigrade  below  0°  we  should  cease  to  have  any 
elastic  force  whatever.  The  motion  to  which  the  elastic 
fierce  ie  due  must  h<^re  vanish,  and  we  reach  what  is  called 
the  absolute  zero  of  temperature. 

No  doubt,  practically,  every  gas  deriates  from  the  above 
law  of  contraction  before  it  sinks  bo  low,  and  it  would  be- 
come solid  before  reaching— 273°  C,  or  the  absolute  zero. 
This  is  considerably  below  any  temperature  which  we  have 
as  yet  been  able  to  obtain. 

I  will  not  subject  your  mindB  to  any  further  strain  in 
connection  with  this  subject  to-day,  but  will  now  pass  on 
to  illustrate  experimentally  the  expansion  of  liquids  by 
heat. 

(97)  Here  is  a  Florence  flask  tilled  with  alcohol,  and 
tightly  corked ;  through  the  cork  a  tube,  ('  (tig.  24 ),  pasaes 
water-tight,  and  the  liquid  rises  a  foot  or  so  in  this  tube. 
When  this  flask  is  heated,  the  alcohol  will  expand,  and  it 
will  rise  in  the  tube.  But  you  must  see  it  rising,  and  to 
enable  you  to  do  so,  the  tube  1 1'  is  placed  in  front  of  the 
electric  lamp  E,  a  strong  beam  of  light  being  sent  across 
it,  at  the  place  (',  where  the  liquid  column  ends;  the  tube 
and  cohimn  are  thus  illuminated.  In  front  of  the  tube  is 
placed  this  lens  L,  its  distance  being  arranged  so  that  it  shall 
cast  an  enlarged  image,  i  i,  of  the  column  upon  the  screen, 
You  see  clearly  where  the  column  ends,  and  if  it  moves 
you  will  be  able  to  see  its  motion.  It  is  needless  to  say 
that  the  image  upon  the  screen  is  inverted,  and  that  when 
the  liquid  expandst,  the  top  of  the  column  will  (lesceml 
along  the  screen.  I  fill  this  beaker,  b,  with  hot  water,  and 
raise  the  beaker  so  that  the  hot  water  shall  surround  the 
Florence  flask.  Observe  the  experiment  from  the  com- 
icement :  the  flask  is  now  in  the  hot  water,  and  the  head 
IT  column  on  the  screen  ascends,  as  if  the  liquid  cou- 
pd.     Now  it  stops  and  commences  descending,  and  it 
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will  contiuue  to  do  so  permanently.  But  why  the 
aacent  ?  It  is  not  due  to  tht;  contractioD  of  the  liquid, 
til  the  momentary  expaiiaion  of  the  Jlaek-,  to  which  the 
i^  first  com  muni  cat  ed.  The  glass  eitpnnds  before  the 
can  fairly  reach  the  liquid,  and  hence  the  column  falls  ; 


first 
,but 
heat 
heat 


the  expansion  of  the  liquid  aoon  exceeds  that  of  tlie  glass, 
and  the  column  fines.  Two  things  are  here  illustrated : 
the  expansion  of  the  solid  fj^lass  by  heat,  and  the  fact  that 
the  observed  dlJatalion  of  the  liquid  does  not  give  us  its 
true  augmentation  of  volume,  but  only  the  difference  of 
dilatation  between  itself  and  the  glass. 

(98)   Here  is  iinother  flask  filled  with  water,  exactly 
equal  in  siise  to  the  former,  and  furnished  with  a  similar 
I  place  it  in  the  same  position,  und  repeat  with  it 
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the  experiment  made  with  the  alcohoL  You  see,  first  of 
ali,  the  trausitory  effect  due  to  the  expansion  of  the  glass, 
and  afterwards,  the  permanent  expansion  of  the  liquid ; 
but  you  can  observe  that  the  latter  proceeds  much  more 
slowly  than  in  the  case  of  alcohol ;  the  alcohol  expands 
more  rapidly  than  the  water.  Now  we  might  examine  a 
hundred  liquids  in  this  way,  and  find  them  all  expanding 
by  heat,  and  we  might  thus  be  led  to  conclude  that  expan- 
sion by  heat  is  a  law  without  exception ;  but  we  should  err 
in  this  conclusion.  It  is  really  to  illustrate  an  excep- 
tion of  this  kind  that  this  fiask  of  water  has  been  intro- 
duced. Let  ua  cool  the  flask  by  plunging  it  into  a  substance 
somewhat  colder  than  water,  when  it  first  freezes.  This 
substance  is  obtained  by  mixing  pounded  ice  with  salt. 
You  see  the  column  gradually  sinking,  the  heat  is  being 
given  up  to  the  freezing  mixture,  and  the  water  contracts. 
The  contraction  is  now  very  slow,  and  now  it  stops  alto- 
gether. A  slight  motion  commences  in  the  opposite  direc- 
tion, and  now  the  liquid  is  vUihly  expanding.  By  stirring 
the  freezing  mixture,  we  bring  colder  portions  of  it  into 
contact  with  the  flask;  the  colder  the  mixture,  the  quicker 
the  expansion.  Here  then  we  have  Nature  pausing  in  her 
ordinary  course,  and  reversing  her  ordinary  habits.  The 
fact  is,  that  the  water  goes  on  contracting  till  it  reaches  a 
temperature  of  39°  Fahr,,  or  4°  Cent.,  at  whiuh  point  the 
contraction  ceases.  This  is  the  point  of  maximnm  tiensity 
of  water ;  from  this  downwards,  to  its  freezing  point,  the 
liquid  expands;  and  when  it  is  converted  into  ice,  the 
expansion  is  sudden  and  considerable.  Ice,  we  know, 
swims  upon  water,  being  lightened  by  this  expansion.  If 
heat  be  now  applied,  the  series  of  changes  are  reversed : 
the  column  descends,  showing  the  contraction  of  Ihe  liquid 
by  heat.  After  a  time  the  contraction  ceases,  and  perma- 
nent expansion  sets  in. 

(99)  The  force  with  which  these  molecular  changes  are 
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^Hfeder  conilitjtins  which  allow  us  no  oppiirtimity  of  observ- 
ing Hie  energy  involved  in  their  accomplishment.  But, 
to  give  you  an  example  of  this  energy,  a,  quantity  of 
water  is  confined  in  this  iron  bottle.  The  iron  is  fully 
hiiif  an  inch  thick,  awi  the  quantity  of  water  is  Email, 
though  snfiScieut  to  fill  the  bottle.  The  bottle  is  closed 
i>y  a  screw  firmly  fixeil  in  its  neck.  Here  is  a  second 
bottle  of  the  same  kind,  prepared  in  a  similar  manner.  I 
place  both  of  them  in  tliis  copper  vessel,  and  surround 
them  with  a  freezing  mixture.  They  cool  gradually,  the 
water  within  approaches  its  point  of  maximum  density ; 
no  doubt,  at  thitt  moment,  the  wat«r  does  not  quite  till  the 
bottle,  a  small  vacuons  space  exists  within.  But  soon  tLe 
t^untraetloa  ceases,  and  expansion  sets  in ;  the  vacuous 
place  is  slowly  filled,  the  water  gradually  changes  from 
.liquid  to  solid;  in  doing  so  it  requires  more  room,  wliich 
i  rigid  iron  refuses  to  graut.  But  its  rigidity  is  power- 
II  the  presence  of  the  atomic  forces.  These  atoms  are 
mts  in  disgiuse,  aud  the  sound  you  now  hear  indicates  that 
B  buttle  is  shivered  by  the  crystallisiDg  molecules — the 
jltber  bottle  follows  ;  and  here  are  the  fragments  of  the  ves- 
I,  showing  their  thickness,  and  impressing  you  with  the 
Igbt  of  that  energy  by  which  they  have  been  thus  riven.* 
(100)  You  have  now  no  difficulty  in  understanding  the 
effect  of  frosty  weather  upon  the  water  pipes  of  your 
hoiiseK.  Before  you  is  a  number  of  pieo«s  of  siich  pipes, 
all  rent.  You  become  first  sensible  of  the  damage  when 
the  thaw  sets  in,  but  the  mischief  is  really  done  at  the 
lime  of  freezing;  the  pipes  then  burst,  and  through  the 
fits  the  water  escapes,  when  the  solid  within  is  liquefied. 
B'(lUl)  It  is  hardly  necessary  for  me  to  say  a  word  on 
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the  importance  of  thin  property  of  water  in  the  economy 
of  nature.  Suppose  a  lake  exposed  to  a  clear  wintry  sky: 
the  superficial  water  is  chilled,  contracts,  becomes  thiis 
heavier,  and  sinks  by  its  superior  weight,  its  place  being 
supplied  by  the  lighter  water  from  below.  In  time  this 
is  chilled,  and  sinks  in  its  turn.  Thus  a  circulation  is 
established,  the  cold  dense  water  descending,  and  the 
lighter  and  warmer  water  rising  to  the  top.  Supposing 
this  to  continue,  even  after  the  first  pellicles  of  ice  were 
formed  at  the  surface ;  the  ice  would  sink,*  and  the 
process  would  not  cease  until  the  entire  water  of  the 
lake  would  be  solidified.  Death  to  every  living  thing  in 
the  water  would  be  the  consequence.  But  just  when  mat- 
te^^*  become  critical.  Nature  steps  aside  from  her  ordinary 
proceeding,  causes  the  water  to  expand  by  cooling,  and 
the  cold  water  to  swim  like  a  scum  on  the  surface  of  the 
warmer  water  underneath.  Solidification  ensues,  but  the 
solid  is  much  lighter  than  the  subjacent  Hijuid,  and  the 
ice  forma  a  protecting  roof  over  the  living  things  below. 

(102)  Such  facts  naturally  and  rightly  excite  the  emo- 
tions ;  indeed,  the  relations  of  life  to  the  conditions  of  life 
— the  general  adaptations  of  means  to  ends  in  Nature, 
excite,  in  the  profoundest  degree,  the  interest  of  the  phi- 
losopher. But  iu  dealing  with  natural  phenomena,  the 
feelings  must  be  carefully  watched.  They  often  lead  us 
unconsciously  to  overstep  the  bounds  of  fact.  Thus,  I 
have  heard  this  wonderful  property  of  water  referred  to 
as  an  irresistible  proof  of  design,  unique  of  its  kind,  and 

•  Sir  WilliBin  Thomana  has  ntiaed  a  point  which  descrvos  the  gnre 
conaiiicration  of  theoretic  geulngisla :  Sapposing  the  constitoenU  of  the 
Mrth's  Croat  to  annlracl  on  Bolidifying.  iw  the  otpBrimenla  of  Bisdiof 
iadicAtc,  a  brB&ldng  io  and  sinkinK  of  Ihe  crunt  would  aiisiinHlly  follow  Ha 
formation-  Uniler  fhase  circumstancfs,  it  ii  extremely  difficult  to  conceiTe 
tluLt  a  solid  shell  ahonld  be  formed,  as  ie  generally  assumeil,  round  a  liquid 
uncleua.  Mr.  Numytb.  bowever,  ioforms  me  that  molteo  rockti  expand  on 
■oUdifjiug. 


suggestive  of  pure  benevolence.  '  Wty,'  it  is  urged, '  should 
this  case  of  water  stand  out  isolated,  if  not  fur  the  purpose 
of  protecting  Natiu-e  against  herself?'  The  fact,  however, 
is,  that  the  case  is  not  an  isolated  one.  You  see  this  iron 
bottle,  rent  from  neck  to  hottom ;  when  broken  with  this 
hammer,  you  see  a  core  of  meta!  within.  This  is  the 
raetal  bismuth,  which,  when  in  a  molten  condition,  was 
poured  into  this  bottle,  the  bottle  being  closed  by  a 
screw,  exactly  as  in  the  case  of  the  water.  The  metal 
cooled,  solidi^ed,  expanded,  and  the  force  of  its  expansion 
was  BuiRcient  to  burst  the  bottle.  There  are  no  fish  here 
to  he  saved,  still  the  molten  bismuth  acts  exactly  as  the 
water  acts.  Once  for  all,  I  would  say  that  the  natural 
philosopher,  as  such,  has  nothing  to  do  with  purposes  and 
designs.  His  vocation  is  to  enquire  what  Natiure  is,  not 
u-ky  she  is ;  though  he,  like  others,  and  he,  more  than 
others,  must  stand  at  times  rapt  in  wonder  at  the  mys- 
tery in  which  he  dwells,  aud  towards  the  final  solution  of 
which  his  studies  furnish  him  with  no  clue. 

(103)  We  must  now  pass  on  to  the  expansion  of  solid 
bodies  by  heat,  which  may  be  illustrated  in  this  way: 
Here  are  two  wooden  stands,  A  and  B  (fig  25),  with  plates 
of  brass,  p  p\  riveted  against  them.  These  two  bars  are 
of  equal  length,  one  of  them  is  brass,  the  other  iron,  and, 
as  you  observe,  they  are  not  sufficiently  long  to  stretch 
from  stand  to  stand.  They  are  therefore  supported  on 
two  little  projections  of  wrxid  attached  to  the  stands  at 
p  and  p'.  One  of  the  plates  of  brass,  p,  is  connected 
with  one  pole  of  a  voltaic  battery,  »,  and  from  the  other, 
p',  a  wire  proceeds  to  the  little  instrument  c,  in  front  of 
the  table :  and  again,  from  that  instrument,  a  wire  returns 
direct  to  the  other  pole  of  the  battery.  The  instrument 
in  front  consists  merely  of  an  arrangement  to  support  a 
spiral  c  of  platinum  wire,  which  will  glow  with  a  pure 
white  light  when  the  current  from  D  passes  through  it. 
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At  the  present  moment  the  only  break  in  the  circuit  is 
due  to  the  inautficient  length  of  the  bars  of  brass  and  iron 
to  bridge  the  space  from  stand  to  stand.     Underneath  the 


bars  is  a  row  of  gas  jets,  whioh  I  will  now  igiiite ;  the  bam 
are  heated,  the  metala  expand,  and  in  a  few  moments  they 
will  atretch  quite  across  from  plate  to  plate.  When  this 
occurs,  the  current  will  pass,  and  the  fact  of  the  gap  being 
bridged  will  be  declared  by  the  sudden  glowing  of  the 
platinum  spiral.  It  is  still  nnu-lumiuous,  the  bridge  not 
being' yet  complete;  but  now  the  spiral  brightens  up, show- 
ing that  one,  or  both,  of  these  bars  have  expanded  so  as 
to  stretch  (|uite  across  from  stand  to  stand.  Which  of  the 
bare  is  it  ?  On  removing  the  iron,  the  platinum  still 
glows:  I  restore  the  iron,  and  remove  the  brass;  the  light 
disappears.  It  was  the  brass  then  that  bridged  the  gap. 
So  that  we  have  here  an  ilhistrfttinn,  not  only  of  the  gene- 
ral fact  of  expansion,  but  also  of  the  fact  that  differ^ 
Itodies  expand  in  different  degrees. 


:  that  dmerM^^ 
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^^Vnall ;  and  various  instruments  have  Ijeen  devised  to 
iijea«ure  the  expansion.  Such  instninienta  bear  the  geoe- 
ral  name  of  pyrometers.  But  before  you  ia  a  means  of  mul- 
tiplying the  effect,  far  more  powerful  than  the  ordinary 
pyrometer.  On  a  mirror  connected  with  the  top  of  this 
solid  upright  bar  of  iron  two  feet  long,  is  thrown  a  beam 
of  light  from  the  electric  lamp,  which  beam  is  reflected 
to  the  upper  part  of  the  wall.  If  the  bar  shorten,  the 
mirror  will  turn  in  cne  direction :  if  it  lengthen,  the 
mirror  will  turn  in  the  opposite  direction.  Every  move- 
ment of  the  mirror,  however  alight,  ia  multiplied  by 
this  long  index  of  light;  which,  Iwsides  its  length,  has 
the  advantage  of  moving  with  twice  the  angular  velocity 
of  the  minor.  Even  the  human  breath,  projected  against 
this  massive  bar  of  iron,  produces  a  aensihle  motion  of  the 
l>eam;  and  if  it  be  warmed  for  a  moment  with  the  flame  of 
a  spirit-lamp,  the  luminous  index  will  travel  downwards, 
the  patch  of  light  upon  the  wall  moving  through  a  space  of 
full  thirty  feet.  I  withdraw  tlie  lamp,  and  allow  the  bar 
to  cool;  it  contracta,  and  the  patch  of  light  reascenda 
the  wall :  the  contraction  is  hastened  by  throwing  a  littl** 
alcohol  on  the  bar  of  iron,  the  light  moves  more  speedily 
upwards,  and  now  it  occupies  a  place  near  the  ceiling, 
as  at  the  commencement  of  the  experiment.* 

(1U5)  It  has  been  stated  that  different  bodies  possess 
different  powers  of  expansion  ;f  that  brass,  for  example, 

^expands  more,  on  being  heated,  than  iron.     Of  these  two 

lers,  one  is  of  bra^s  and  the  other  of  iron,  and  they  are 
Feted  together  BO  as  to  form,  at  this  temperature,a  straight 


R'  Tlie  piere  of  nppanttus  with  which  Ihia  experiment  wnB  dimIi-, 
*  1  for  a  iDlally  lUtTereDI  purposo.     1  therefore  indicale  its  prii 


Y  Tbo  eocRuienIs  of  VKpunfir 
le  Ai^pendix  lo  this  Clinpi  ui 


I  of  It  few  vell-lcnoim  iubeinticcB 


8S  HEAT  AS  A   MODE   OF   MOTION.        cu*p.  iii.- 

compoimd  ruler.  But  when  the  temperature  is  changed, 
the  ruler  is  no  longer  straight.  If  heated,  it  benda  in  one 
direction :  if  cooled,  it  Lends  in  the  oppoaite  direction. 
When  heated,  the  hrass  expands  most,  and  forms  the  convex 
side  of  the  curved  ruler.  When  cooled,  the  brass  contracts 
most,  and  forms  the  concave  side  of  the  ruler.  Facts  like 
these  must,  of  course,  be  taken  into  account  in  structures 
where  it  is  necessary  to  avoid  distortion.  The  force  with 
which  bodies  expand  when  heated,  is  quite  irresistible  by 
any  mechanical  appliances  that  we  can  make  use  of.  All 
these  molecular  forces,  though  operating  in  such  minute 
spaces,  are  almost  infinite  in  energy.  The  contractile  force 
of  cooling  has  been  applied  by  engineers  to  draw  leaning 
walls  into  an  upright  position.  If  a  body  be  brittle,  the 
heating  of  one  portion  of  it,  producing  expansion,  may  so 
press  or  strain  another  portion  as  to  produce  fracture. 
Hot  water  poured  into  a  glass  often  cracks  it,  through  the 
sudden  expansion  of  the  interior.  It  may  also  be  cracked 
by  the  contraction  produced  by  intense  cold, 

(106)  Before  you  are  some  flasks  of  very  thick  glass, 
which,  when  blown,  were  allowed  to  cool  quickly.  The  ex- 
ternal portions  became  first  chilled  and  rigid.  The  internal 
portions  cooled  more  gradually,  hut  they  found  themselves, 
on  cooling,  aurrounried,  as  it  were,  by  a  rigid  shell,  on 
which  they  exerted  the  powerful  strain  of  their  contraction. 
The  consequence  is,  that  the  superficial  portions  of  these 
flasks  are  in  such  a  state  of  tension  that  the  slightest 
scratch  produces  rupture.  I  throw  into  this  flask  a  grain 
of  quartz;  the  mere  dropping  of  the  little  bit  of  hard 
quartz  into  the  flask  causes  the  bottom  to  fly  out  of  it. 
Here  also  are  these  so-called  Rupert  drops,  or  Dutch 
tears,  produced  by  glass  being  fused  to  drops,  and  sud- 
denly cooled.  The  external  rigid  shell  has  to  bear  the 
Jie  inner  contraction ;  but  the  strain  is  distri- 
lally  all  over  the  surface,  that  no  part  gives 
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But  by  simply  breaking  tliis  filament  of  glase,  which 
nrras  tbe  tail  of  the  drop,  the  solid  mass  is  iostaiitly  re- 
Uiced  to  powder.  I  dip  the  drop  into  a  ftinall  flask  filled 
fith  water,  and  break  the  tail  outside  the  flask ;  the 
■op  is  shivered  with  such  force  that  the  shock,  trans- 
rred  through  the  water,  ia  sufficient  to  break  the  bottle 
a  pieces. 

(107)  A  very  curious  effect  of  expansion  was  observed, 
lod  explained,  some  years  ago,  by  the  Reverend  Canon 
seley.  The  choir  of  Bristol  Cathedral  was  covered  with 
dleet  lead,  the  length  of  the  covering  being  60  feet,  and 
its  depth  19  feet  4  inches.  It  had  been  laid  on  in  the 
year  1851,  and  two  years  afterwards  it  had  moved  bodily 
down  for  a  distance  of  eighteen  inches.  The  descent  had 
been  continually  going  on  from  the  time  the  lead  had 
been  laid  down,  and  an  attempt  made  to  stop  it  hy  driving 
nails  into  the  rafters  had  failed  ;  for  the  force  with  which 
the  lead  descended  was  sufficient  to  draw  out  the  nails. 
The  roof  was  nut  &  steep  one,  and  the  lead  would  have 
rested  on  it  for  ever,  without  sliding  down  by  gravity. 
What,  then,  was  the  cause  of  the  descent  ?  Simply  this. 
The  lead  was  exposed  to  the  varying  temperatures  of  day 
and  night.  During  the  day  the  heat  imparted  to  it  caused 
it  to  expand.  Had  it  Iain  upon  a  horijiontal  surface,  it 
would  have  expanded  equally  all  round ;  but  as  it  lay  upon 
nn  inclined  surface,  it  expanded  more  freely  downwards 
than  upwards.  When,  on  the  contrary,  the  lead  con- 
tracted at  night,  its  upper  edge  was  drawn  more  easily 
downwards  than  its  lower  edge  upwards.  Ita  motion  was 
therefore  exactly  that  of  a  comraou  earthworm  ;  it  pushed 
its  lower  edge  forward  during  the  day,  and  drew  its  upper 
edge  after  it  during  tJie  night,  and  thus  hy  degrees  it 
crawled  through  a  space  of  eighteen  inches  in  two  years. 
Every  minor  change  of  temperature  during  tbe  day  and 
during  the  night  contributed  also  to  tbe  result;  indeed 
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Canon  Moeely  afterwards  found  the  main  effect  to  be  due 
to  theae  quicker  aUemations  of  temperature. 

( 108)  Not  only  do  different  bfjdies  expand  differently  hy 
heat,  hilt  the  same  body  may  expand  differently  in  different 
directions.  In  crystals,  the  atoms  are  laid  together  accord- 
ing to  law,  and  along  some  lines  they  are  more  closely 
packed  than  along  others.  It  is  also  likely  that  the  atoms 
of  many  crystalline  bodies  oscillate  more  freely  and  widely 
in  some  directions  than  in  other.".  The  consequence  of 
this  would  be  an  unequal  expansion  by  heat  in  different 
directions.  The  crystal  in  my  hand  (Iceland  spar),  ha.s 
been  proved  by  Professor  Mitscheriicli  to  expand  more 
along  its  crystallographic  asis  than  in  any  other  direction. 
Nay,  while  the  crj-stal  expands  as  a  whole — that  is  to  say, 
while  its  volume  is  augmented  by  heat — it  actually  con- 
tracts in  a  direction  at  right  angles  to  the  crystallographic 
axis.  Many  otber  crystals  also  expand  differently  in  dif- 
ferent directions;  and,  I  doubt  not,  most  organic  struc- 
tures would,  if  esamined,  exhibit  the  same  fact. 

(109)  Nature  is  full  of  anomalies  which  no  foresight 
can  predict,  and  which  experiment  alone  can  reveal.  From 
the  deportment  ot'  a  vast  number  of  bodies,  we  should  he 
led  to  conclude  that  heat  always  produces  expansion,  and 
that  cold  always  produces  contraction.  But  water  steps 
in,  and  bismuth  steps  in,  to  qualify  this  eonclusioo.  If  a 
metal  he  compressed,  heat  is  developed:  but  if  a  wire  be 
stretched,  cold  is  developed.  Dr.  ,Toule  and  others  have 
worked  experimentally  at  this  subject,  and  found  the  above 
fact  all  but  general. 

(110)  One  striking  exception  to  this  rule  (there  ftre 
probably  many  others)  has  been  known  for  a  great  num- 
ber of  years  ;  and  I  will  now  illustrate  this  exception  by 
an  F        '    ent.     The  sheet  of  india-rubber  now  handed  to 

placed  in  the  next  room  to  keep  it  quit« 
ig  from  this  sheet  a  strip  tliree  inches  long. 
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^H  and  an  inch  and  a  half  wide,  and  turning  tbe  thermo- 
^Petectric  pile  upon  its  back,  I  lay  upon  its  exposed  face 
thi§  piece  of  india-rubber.  The  deflection  of  the  needle 
proves  that  the  piece  of  rubber  is  cold.  I  now  lay 
hold  of  the  enda  of  the  atrip,  suddenly  stretch  it,  and 
press  it,  while  stretched,  on  the  face  of  the  pile.  The 
iieedl«  moves  with  energy,  showing  that  the  stretched 
rubber  haa  heated  tbe  pile. 

(HI)  But  one  deviation  from  a  rule  always  carries  other 
deviations  in  its  train.  In  the  physical  world,  as  in  tbe 
moral,  acts  are  never  isolated.  Thus  with  regard  to  our 
india-rnbber ;  its  deviation  from  the  rule  referred  to  in 
only  part  of  a  series  of  deviations.  In  many  of  his  inves- 
tigations Dr.  Joule  has  been  associated  with  an  eminent 
natural  philosopher— *  Profess  or  William  Thomson" — and 
when  Mr.  Thomson  was  maiJe  aware  of  the  deviation  of 
-iodia-rubber  from  an  almost  general  rule,  he  suggested 
tat  the  stretched  india-rubber  might  shorten,  on  being 
wted.  The  test  was  applied  by  Joule,  and  the  shorten- 
f  was  found  to  take  place,  f  This  singular  experiment, 
rown  into  a  suitable  form,  will  now  be  performed  before 


(112)  To  this  arm,  n( 
mmon  vulcanised  indii 
',  of  ten  poimds, 
:th.     The  index  i  i,  i 


(Rg.  26),  is  fastened  a  length  of 
-rubber  tubing,  stretched  by  a 
to  about  three  times  its  former 

formed  6rst  of  a  piece  of  light 


J  moving  freely  on  a  pivot,  being  prolonged  by  a  stout 

t  Htraw.    At  the  end  of  the  stmw  is  placed  a.  apear- 

laped  piece  ol  paper,  which  can  range  over  a  graduated 

!  dravm  on   Ibis  black   board.      The  iudeic   is  now 

ased  down  at  /,  by  a  projection  attached  to  the  weight. 

f  the  weight  should  be  lifted  by  the  contraction  of  the 

idia-rubber,  the  index  will  follow,  being  drawn  after  it 

•  Now  Hir  WilUain  Thomaoil. 

t  Pli[1.  SlHg.  I8.>7,  to],  xiv.  J..  227. 
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by  ii  spring,  s  e,  which  acts  upon  the  short  arm  of  the  lever. 
The  india-rubber  tube,  you  ob- 
serve, paaaes  through  a  aheet-iron 
chimney,  c,  through  which  a 
current  of  hot  air  ascends  from 
thifl  lamp  l.  You  see  the  effect : 
the  index  rises,  showing  that  the 
rubber  contracts j  as  f^ir  Wni. 
Thomson  anticipated,  and  by  con- 
tinuing to  apply  the  lieat  for  a 
minute  or  so,  the  end  of  the  index 
is  caused  to  describe  an  arc  fully 
three  feet  long.  I  withdraw  the 
lamp,  aud  as  the  iudia-rubber  re- 
turns to  its  former  temperature, 
it  lengthens ;  the  index  moves 
downwards,  and  now  it  rests  even 
below  the  position  which  it  occu- 
pied at  first. 


EXP.1NSI0K. 


APPENDIX    TO    CHAPTER    IIL 


FTETHEIi  REMARKS  ON  DILATATION, 


It  i«  not  wiihin  tlic  scope  of  tay  present  intention  to  dwell  in 
detail  on  all  the  plienoiuena  of  expansion  by  heat ;  but,  for  tbe 
aake  of  my  younger  readers,  I  will  supplement  this  chapter  by  a 
few  additional  remarks. 

The  linear,  mperficial,  or  cubic  coefficient  of  expansion,  is  that 
fraction  of  a  body's  lenj^b,  surface,  or  volume,  which  it  expands 
>    BB  being  heated  one  degree- 

I'>  BuppOKing  one  of  the  sides  of  a  square  plate  of  metal,  whow 
length  ia  1,  to  expand,  on  being  heated  one  degree,  by  thi' 
quantity  o;   tlien  the  side  of  the  new  square  is  1+a,   and   ita 

l+2a+a\ 

In  the  caie  of  expansion  by  hent,  the  quantity  n  is  so  small,  that 
iiH  square  ia  almost  insensible;  the  square  of  u  small  fraction  is, 
of  course,  greatly  less  than  the  fraction  itself.     Hence,  without 

_  aeneible  error,  we  may  throw  nway  the  a*  in  the  above  expreasion, 

^^Dd  then  we  have  tlie  area  of  the 


V  aqui 


l+2a. 


2a,  then,  la  the  Buptrficial  coefficient  of  expansion;  hence  we 
infer  that  by  multiplying  the  linear  coefficient  by  2,  we  obtain 
the  superficial  coelhcient. 

Suppose,  instead  of  a  wjuare,  thnt  we  hud  a  cube,  hnving  a 
md  lliat  on  healing  tlic  cribe  one  degree,  the  side  ex- 

mded  to  l+a;  then  thevohunc  of  tlie  expanded  cube  would  be 
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.  nRA' 


In  this,  as  in  the  fonaor  ca»e,  ihe  equfire  of  a,  and  mucli  more 
the  cube  of  a,  mny  be  n^lected,  on  account  of  tbeir  excieeding 
smallnesa;  we  then  have  the  volume  of  the  expanded  cube= 

l+3a; 
ciiat  IX  to  my,  the  cubic  coefficient   of  expansion  is  found  by 
trebling  the  linear  coefficient. 

The  following  table  contains  llie  coefficients  of  expansion  for 
H  cumber  of  well-known  aubslances  : — 


apper 

.     0-000017 

0-OOOOfll 

OOOOO.Jl 

U^ 

u-uooo2g 

0  0001187 

0-000089 

Tin 

0-000023 

0-OOO0S9 

oooooeo 

Iron 

0-0OO012S 

0-000037 

0'0flOO37 

Zinc 

0'UOOU2a4 

0-000088 

o-mms 

QUm 

ooooyos 

O-00OO24 

000002* 

The  first  col 

mnoffi 

pirea  here  giv 

es  the  linear  coefficient  o 

J 


pansion  for  1°  C. ;  the  second  column  contains  this  coefficient 
trebled,  which  is  the  cubic  expansion  of  the  subfltauce;  and  tlie 
third  cohiinn  gives  the  cubic  expansion  of  the  same  substance, 
determined  directly  by  Professor  Kopp.'  It  will  be  ween  tliat 
Kopp's  coefficients  agree  almost  exactly  with  those  obtained  by 
the  trebling  of  the  linear  coefficients. 

The  linear  coefficient  of  glass  for  1°  C.  is  ^M 


That  of  platinum  is 


Hence  glass  and  platinum  expand  nearly  alike.  This  is  of  the 
greatest  importance  to  chemists,  who  o^en  find  it  necessaiy  to 
fuse  platinum  wires  into  their  glara  tubes  Were  the  coefficients 
different,  tlie  fracture  of  the  glass  would  be  inevitable  during  the 
contraction, 

T/,i  Thermometer. 

Water  owes  its  liquidity  to  the  motion  of  heat ;  when  this 
motion  sinks  snfficiently,  crystallisation,  as  we  have  seen,  sets  in. 
The  temperature  of  crystallisation  ia  perfectly  constant,  if  [he 
water  he  kept  under  the  same  preaaure.  For  example,  water 
crystallises  in  all  climates  at  the  sea-level  at  a  temperature  of 

^^^b^  *  Pbil.  Mag.  lSo2.  p.  ^^1 
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Sa''  p.,  or  of  0°  C.  Tbe  tciiipeniliira  of  condensation  from  the 
Ktale  of  Hteam  U  equally  constant,  oa  long  as  tlie  pressure  remiiins 
the  iuiine.  The  melting  of  ice  and  the  freezing  of  water  touch 
eitch  other,  if  I  may  use  the  expreBsion,  at  32°  F.;  the  condensa- 
tion of  steam  and  the  boiling  of  water  under  one  atmoHphere  of 
preasure  touch  each  other  at  212°  :  32°  then  is  the  freezing  point 
of  water,  and  il  is  the  melting  point  of  ice;  212°  is  the  condensing 
point  of  steam  and  the  boiling  point  of  water.  Both  are  invariable 
SB  long  as  the  pressure  remains  ihe  same. 

Here,  then,  we  have  iwo  invaluable  standard  points  of  tempe- 

■  nture,  and  they  have  been  used  for  tliis  throughout  the  world. 

iTbe  mei'Cttrial  iliennometer  consists  of  a  bulb  and  a  stem  with 
capillary  bore.  The  bore  ought  to  be  of  equal  diameter  through- 
out. The  bull)  and  a  portion  of  the  stem  are  filled  with  mercury. 
Both  are  then  plimged  into  melting  ice,  the  mercury  fhrinks,  the 
column  descendii,  and  finally  comes  to  rest.  Let  the  point  at 
which  it  becomes  stiktionary  be  marked ;  il  is  the  J'retuag  point 
of  tliu  thei'momt-ter.  Let  the  instrument  be  now  removed  and 
thrust  into  boiling  water;  the  mercury  e.Ypands,  the  column  rines, 
and  finally  attains  a  stationary  height.      Let  tins  point  be  marked ; 

kit  is  the  hailing  poiat  of  ihe  thermometer.  The  space  between  the 
freezing  point  and  tlie  boiling  point  has  been  divided  by  Reaumur 
into  HO  ecjiml  jiarU,  by  Fahrenheit  into  18U  equal  parts,  and  by 
Celsius  into  100  ei|ual  parU,  called  degrees,  The  thermometer 
of  Celsius  is  also  called  the  Centigrade  thermometer. 

Both  K^aumur  and  Celsius  call  the  freezing  point  0°,  Fahren- 
heit calls  it  32°,  because  be  started  from  a  zero  which  he  incor- 
rtwtly  imagined  was  the  greatest  terrestrial  cold.  Fahrenheit's 
boiling  point  is  therefore  212°.     Iteaimiur's  boiung  point  is  S0°, 

Hjvlule  the  boiling  point  of  Celsius  is  100°. 

The   length   of   the    degrees    being    iu    the    proportion    of 
)  :  100  :  180,  or  of  4  :  5  ;  0,  nothing  can   be   easier   than   to 

[;00nvert  one  into  the  otjier.     If  you  want  to  convert  Fahrenh«it 

■into  Celsius,  multiply  by  h  and  divide  by  9;  if  Celsius  into 

^Vthrenheit,  multiply  by  9  and  divide  by  5.  Thiis  20*  of  Celsius 
are  ei^ual  to  30°  Fahrtuhi-it ;  but  if  we  would  know  what  tempe- 
rature by  Fahrenheit's  thermometer  corresponds  to  20°  of  Celsius, 
w«  must  add  32  to  the  3G,  which  would  make  the  temjieralure 
!Hf,  as  hIiowd  by  Celsius,  equal  the  temperature  68°.  as  shown  by 
Fahrenheit. 
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EXTRACTS  FROM  SIR  H.  DAVYS  FIRST  SCIENTIFIC  MEMOIR, 
BEARING  THE  TITLE  '  ON  HEAT,  LIGHT,  AND  THE  COMBI- 
NATIONS OF  LIGHT/* 

The  peculiar  modes  of  existence  of  bodies — solidity,  fluidity, 
Jind  gazity — depend  (according  to  the  calorista)  on  the  quantity  of 
the  fluid  of  heat  entering  into  their  composition.  This  substance 
insinuating  itself  between  their  corpuscles,  separating  them  from 
each  other,  and  preventing  their  actual  contact,  is  by  them  suj>- 
posed  to  be  the  cause  of  repulsion. 

Other  philosophers,  dissatisfied  with  the  evidences  produced  in 
favour  of  the  existence  of  this  fluid,  and  perceiving  the  genera- 
tion of  heat  by  friction  and  percussion,  have  supposed  it  to  be 
motion.  Considering  the  discovery  of  the  true  cause  of  the 
repulsive  power  as  highly  important  to  philosophy,  I  have  en- 
deavoured to  investigate  this  part  of  chemical  science  by  experi- 
ments; iix)m  these  experiments  (of  which  I  am  now  about  to 
give  a  detail)  I  conclude  that  heat  or  the  power  of  repulsion  is 
not  matter. 

The  Phenomena  of  Repulsion  are  not  dependent  on  a  peculiar 
elastic  fluid  for  their  existence,  or  Caloric  does  not  exist. 

Without  considering  the  effects  of  the  repulsive  power  on 
bodies,  or  endeavouring  to  prove  from  these  effects  that  it  is 
motion,  I  shall  attempt  to  demonstrate  by  experiments,  that  it 
is  not  matter ;  and  in  doing  this,  I  shall  use  the  method  called  by 
mathematicians,  reductio  ad  absurdum. 

First,  let  the  increase  of  temperature  produced  by  friction  and 
percussion  be  supposed  to  arise  from  a  diminution  of  the  capaci- 
ties of  the  acting  bodies.  In  this  case  it  is  evident  some  change 
must  be  induced  in  the  bodies  by  the  action,  which  lessens  their 
capacities  and  increases  their  temperatures. 

Experiment. — I  procured  two  paralleloJ)ipedons  of  ice,f  of  the 
temperature  of  29°,  six  inches  long,  two  wide,  and  two-thirds  of 
an  inch  thick  :  they  were  fastened  by  wires  to  two  bars  of  iron. 

*  Sir  Humphry  Davy's  Works,  vol.  ii. 

t  The  result  of  this  experiment  is  the  same,  if  wax,  tallow,  resin,  or  any 
substance  fusible  at  a  low  temperature,  be  used ;  even  iron  may  be  fused 
by  collision. 
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By  a  peculiar  raechanism,  their  surfaccH  were  placed  in  contact, 
and  kept  in  a  continued  and  moHt  violent  friction  for  some 
minutes.  They  were  almoHt  entirely  converted  into  water, 
which  water  was  collected,  and  it8  temperature  ascertained  to  be 
35®,  after  remaining  in  an  atmoHphere  of  a  lower  temperature  for 
some  minutes.  The  fusion  took  place  only  at  the  plane  of  con- 
tact of  the  two  pieces  of  ice,  and  no  bodies  were  in  friction  but 
ice. 

From  this  experiment  it  is  evident  that  ice  by  friction  is  con- 
verted into  water,  and  according  to  the  supposition,  its  capacity 
is  diminished ;  but  it  i^  a  well-known  fact,  that  the  capa(!ity  of 
water  for  heat  is  much  greater  than  that  of  ice ;  and  ice  must 
have  an  absolute  quantity  of  heat  added  to  it,  before  it  can  be 
converted  into  water.  Friction  conaecjuently  does  not  diminish 
the  capacities  of  bodies  for  heat. 

From  this  experiment  it  is  likewise  evident,  that  the  increasi* 
of  temperature  consequtMit  on  friction  cannot  arise  from  the 
decomposition  of  the  oxygen  gas  in  contact,  for  ice  has  no  attrac- 
tion for  oxygen.  Since  the  increase  of  temperature  C(>nsequent 
on  friction  cannot  arise  from  the  diminution  of  capacity,  or  oxy- 
dation  of  the  acting  bodies,  the  only  remaining  sup|>osition  is,  that 
it  arises  from  an  absolute  quantity  of  heat  addeil  to  them,  which 
heat  must  be  attracted  from  the  bodies  in  contact.  Then  friction 
must  induce  some  change  in  bodies,  enabling  them  to  attract  heat 
from  the  bodies  in  contact. 

Experiment. — I  procured  a  piece  of  clockwork,  so  constructed  as 
to  be  set  at  work  in  the  exhausted  receiver ;  one  of  the  external 
wheels  of  this  machine  came  in  contact  with  a  thin  metallic  plate. 
A  considerable  degree  of  sensible  heat  was  produced  by  friction 
between  the  wheel  and  plate  when  the  madiine  worked,  un- 
insulatt^l  from  bodies  cajiabie  of  communicating  heat.  I  next 
procured  a  small  piece  of  ice ;  *  round  the  superior  edge  of  this  a 

*  The  temperature  of  the  ice  and  of  the  surrounding  atmosphere  at  the 
oommencement  of  the  experiment  was  32^,  that  of  thn  machine  was  likewise 
32®.  At  the  end  of  the  experiment,  the  temperature  of  the  coldest  part  of 
the  machine  was  near  33^,  that  of  the  ice  and  surrounding  atmosphere  the 
same  as  at  the  commencement  of  the  exp<>riment ;  so  that  the  heat  produced 
by  the  friction  of  the  different  parts  of  the  machine  was  sufficient  to  raise 
the  temperature  of  near  half-a-pound  of  metal  at  least  one  degree ;  and  to 
conrert  eighteen  grains  of  wax  (the  quantity  employed)  into  a  fluid. 
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smuU  canol  was  mode,  Rnd  filled  witJi  water.  The  machine  was 
placed  on  the  ice,  but  not  in  contact  with  tlie  water.  Thus 
diepoBei),  tlie  whole  wuh  placed  under  the  receiver  (which  had 
been  previously  filled  with  carbonic  acid),  a  quantity  of  potush 
(i.e.  cnustic  vegetable  alkali)  being  at  the  same  time  introduced. 
w  exhausted.  From  the  exliaustion  aad 
the  carbonic  acid  gas  by  the  potasli,  a 
nearly  perfect  was,  1  believe,  made. 

The  machine  waa  now  set  to  work ;  the  wax  rapidly  melled, 
proving  an  increase  of  temperature. 

Caloric  then  was  collected  by  friction ;  which  caloric,  od  the 
supposition,  was  communicated  by  tlie  bodies  in  contact  with  the 
machine.  In  this  esperimeut,  ice  was  the  only  body  in  contact 
with  the  machine.  Had  this  ice  given  out  caloric,  the  water  on 
the  top  of  it  must  have  been  frozen.  The  water  on  the  top  of  it 
waa  not  frozen,  consequently  the  ice  did  not  give  out  caloric. 
The  caloric  coiild  not  come  from  the  bodies  in  contact  with  the 
ice,  for  it  must  have  passed  through  the  ice  lo  penetrate  the 
machine,  and  au  addition  of  caloric  to  the  ice  would  have  con- 
verted it  into  water. 

Heat,  when  produced  by  friction,  cannot  be  collected  from  the 
bodies  in  contact,  and  it  waa  proved,  by  the  first  experiment,  that 
the  increase  of  temperature  consequent  on  friction,  cannot  arise 
from  diminution  of  ca])acity  or  osydation.  But  if  it  be  con- 
sidered as  matter,  it  must  be  produced  in  one  of  these  mode*. 
Since  (as  is  demonatnited  by  these  experiments)  il  is  produced 
in  neither  of  these  modes,  it  cannot  be  considered  af  matter.  It 
has  Uierefore  been  experimentally  demonstrated  that  caloric,  or 
the  matter  of  heat,  does  not  exist. 

Solids  by  long  and  violent  friction  become  expanded,  and 
if  of  a  higher  temperature  than  our  bodies,  affect  the  sensory 
organ  with  the  peculiar  sensation  known  by  the  common  name  of 

Sip^-  1— Jii.a  l)c<:ome  expanded  by  friction,  it  is  evident  that 
I  niust  move  or  separate  from  each  other. 

1  or  vibration  of  the  corpuscles  of  bodies  must 
Iterated  by  friction  and  [lercussion.      Therefore 
bly  conclude  that   this  motion  or  vibration  is 
laive  power, 
that  power  which  jirevents  the  actual  contact  of 


APiTOix.       DAVY   05   THE  MCTJOX   OF   HEAT.  97 

the  corpnscles  of  V-wiiesw  hz,i  wLi-.-i  i?  \h^  vkUM:  cf  rur  ]:*e?uliar 
flensitions  of  heat  atd  cxd.  mar  'rit  d*r£ •.*-':  a$  a  j^rCTiJiar  znctioD, 
piobablj  a  ribratic'C.  of  tL*:  c^TTa*.?j*>  o;  *f<ic:*r*,  ^T.d':nz  to 
separate  them.  It  mav  w::L  TTirritrr  'ie  cfcll«3  the  rer/ulsve 
motion. 

Since  there  ezieu  a  i^:.Til=:Te  racck-i-  iL*:  pfcnicl-*  ff  l->il« 
may  be  considered  as  aet*»i  C'L  '.  t  r«  ■:•  -T-po-fiix?  for'.-**  :  tL*r  ajr- 
proximating  power  i  which  il^j.  v.z  ZT^^\*fT  tiusih  c»f  «:xjr*-*goa. 
be  called  attraction  i  ani  tL*  re-ul-JSTt  r^-.-'Joi..  Ttj*:  5r«  of  iLh^ 
is  the  compoond  efft<^  o:  xi**:  A::rSfc'.t:'.'L  c^  '.-.rj**; '.-£*.  rv  which 
the  particles  tend  v^  cr/ss^  iz.  rxAA*jk'r^  w;A  *a/.L  o::^r:  ihe 
attraction  of  gravitatioa.  rj  which  Vj*'T  i^i^c  v>  ajT^r'-xiiriat*:  V/ 
the  great  contiguotu  mas^f^  «  Eiit^r.  hzA  trj«:  jrf**ijr*r  T:i,d^ 
which  they  exist,  def-tr-dent  ci  The  jrariiaiTioa  if  •J.*:  rjj^^ris- 
cnmbent  bodies. 

The  second  is  the  effect  of  a  Ti«^-:ilir  j.-jov.-n'  ir  vir.raitorT 

«  «  # 

impube  given  to  them,  t«,'iixt?  v.-  r*::;irT«:  thei-'j  iartL^br  frorn  ea^rh 
other,  and  which  can  h^  ;rer.*:rax^  c»r  rati'-rfri-^cffjaM:^.  bv  ir;cti'/n 
or  percuBsion.  The  effwrt  of  the  arra/.ti' •  cf 'y.h**io;..  :?je  ;.'7*flit 
approximating  caiue.  on  t}je  c^.r:.u«<']**  of  Yy<l*i*.  i-  exac-t'y 
similar  to  that  of  the  attract; c«  c«f  ^raThati'.-L  or^  the  ^Teat  n^s?=^ii» 
of  matter  composing  the  uiiTer**-.  a.*.':  :?je  rep';>;ve  for'.e  is 
analogous  to  the  p!aL*:iar%'  jr>;wiile  fo.":e. 

In  his  *  Chemical  PLilowi'rhv."  :'..  M  ^zA  '.<*.  Daw  exTreshefc 
himself  thus :  'Br  a  mc*:*:?**^^  '^♦cree  of  fr!'*!'.r..  a^  i:  woi;!d 
appear  from  Rumiord's  exjj*Tijijer.*L>.  :he  "sari.e  ;  :*rce  o"  i-'i*-*a!  ri^v 
be  kept  hot  for  any  lengih  of  tirLe  :  k^  ::-at.  if  the  h'-a:  v:  ]  r*-*^-3 
out,  the  quantity  mu-<  r-:  J:.ex}j»'i<:'r.>.  Wh'-r*  ar.y  ryyiv  i^ 
<-ooled,  it  occupies  a  smaiier  v-.'-jr^e  :har.  "fiefore  :  it  ;•  t-nAt-uX. 
therefore,  that  its  parts  ma«  l^are  aj^j^rcA'.hed  *^«^ h  o*.}.'r  :  when 
the  body  has  expanded  by  heat,  it  :§f^;'iA!>  ^•\*\t'ii\  that  }t»»  j/a.-i* 
must  have  separated  from  eacli  or  her.  T:.e  imrn*-':  Ji*e  ':a»j^  '  f 
the  phenomenon  of  htat.  ther;.  ;►  ii.otio;. :  ar.d  the  Jawf.  of  V^ 
communication  are  precisely  the  ^az:j.  a.-  the  law*t  of  iJ.e  fJAuun- 
nication  of  motion. 

*  Since  all  matter  may  >ie  ma/ie  v  fiii  a  -T/*a!.#  r  ^jxa'-e  hv  rv  lir ;% 
it  is  evident  tliat  the  particle*?  of  njatt/.-.-  rriV-t  have  ^^fi^ft-,  r^:t»eer* 
them;   and  since  everv  Wiv  f:a;.   c'.rr.riiMii'at/:   t/.e    rx^wrr   of 
expansion  to  a  body  of  a  lower  terfj;>^rat»ire — t;jit  \»..  ^arj  ;^ive  an 
expamdre  motion  to  its  particles— it  Ik  a  probable  inferez«<>:  ti^a: 

H 
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its  own  partioIeB  are  posseased  of  motion  ;  but  as  there  is  no 
change  in  the  position  of  ita  parts,  as  long  na  its  temperature  ia 
uniform,  the  motion,  if  it  exist,  mnet  be  a  Tibratoty  or  unilula- 
tory  motion,  or  a  motion  of  the  [>articles  round  their  axes,  or  a 
motion  of  the  particles  round  each  other. 

'  It  seema  possible  to  account  for  all  the  phenomena  of  heat,  if 
it  be  supposed  that  in  solids  the  particles  are  in  a  constant  state  of 
vibratory  motion,  the  particles  of  the  hottest  bodies  moving  wiib 
the  greatest  velocity,  and  through  tlie  greatest  space ;  that  in 
fluids  and  elastic  fluids,  besides  the  vibratory  motion,  which  must 
be  conceived  greatest  in  the  last,  the  particles  have  a  motion 
rotmd  their  own  axes  with  different  velocity,  the  partides  of 
elastic  fluids  moving  with  the  greatest  quickness,  and  that  in 
ethereal  substances  the  particles  move  round  their  own  axes,  and 
separate  from  each  other,  penetrating  in  right  lines  through 
space.  Temperature  may  be  conceived  to  depend  upon  the 
velocity  of  the  vibrations ;  increase  of  capacity  in  the  motion 
being  performed  in  greater  apace ;  and  the  diminution  of  tem- 
perature during  the  conversion  of  solids  into  fluids  or  gases,  may 
be  explained  on  the  idea  of  the  loss  of  vibratory  motion,  in  con- 
sequence of  the  revolution  of  jiarticlea  round  their 
moment  when  the  body  becomes  fluid  or  aeriform, 
loBS  of  rapidity  of  vibration  in  consequence  of  the  m 
particlea  through  apace,' 


ses,  at  the 
from  the 
ion  of  the 
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1113)  "DEFOHE  finally  quitting  the  subject  of  expan- 
-U  aion,  I  wish  to  show  you  an  experimeDt  which 
illustrates  in  a  curious  and  agreeable  way  the  conver- 
^on  of  heat  into  mechanical  energy.  The  fact  to  be 
leprodnced  was  first  observed  by  a  gentleman  named 
icbwnrtz,  in  one  of  the  «nelting  works  of  Sasouy.  A 
^iftutity  of  silver  which  had  been  fused  in  a  ladle  was 
illowed  to  solidify,  and  to  hasten  its  cooling  it  was  turned 
lent  upon  an  anvil.  !^ome  time  afterwards  a  sirange 
Ltiuzzing  sound  was  heard  in  the  locality.  The  sound  was 
►  {Dnlly  titiced  to  ibe  hot  silver,  which  was  found  quivering 
upon  the  anvil.  Many  years  subsequent  to  this,  Mr.  Arthur 
Trevelyan  chanced  to  be  using  a  hot  soldering-iron,  which 
he  laid  by  accident  against  a  piece  of  lead.  Soon  after- 
I,  his  attention  was  excited  by  a  most,  singular  sound, 
prbich,  after  some  searchiug,  was  found  to  proceed  from 
|lie  Holdering-iron.  Like  tlie  silver  of  Schwartz,  the 
■Dldering-iroD  was  in  a  state  of  vibration.  Mr.  Trevelyan 
ide  his  discovery  the  subject  of  a  very  interesting 
tDTCstigntion.  He  determineil  the  best  form  to  be  ^ven 
fjto  the  *  rocker,'  na  tije  vibrating  mass  is  now  called,  and 
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throughout  Europe  this  inatrument  is  known  as  'Tre- 
velyan's  Instrument,'  Since  that  time  the  euhject  has 
engaged  the  attention  of  Professor  J.  D.  Forbes,  Dr.  See- 
beck,  Mr.  Faraday,  M.  Sondbaiis,  and  myself;  but  to 
Trevelyan  and  Seebeck  we  owe  most  of  our  knowledge 
regarding  it. 

( 1 14)  Here  18  a  rocker  made  of  brass.     Its  length,  A  c 
(fig.  27),  is  five  inches;  the  width,  A  e,  1'5  in. ;  and  the__ 


0- 


'y^M 


length  of  the  handle,  which  terminates  in  the  knob  F, 
is  ten  inches.     A  grove  runs  at  the  back  of  the  rocker, 
along  its  centre;  the  cross-section  of  the  rocker  is  given 
Fra.  28.  at  M.      We  will 

heat  the  rocker 
to  a  temperature 
I  somewhat  higher 
than  that  of  boil- 
ing water,and  lay 
it  on  a  block  of 
leadjallowing  its 
knob  to  rest  upon 
the  table.  You 
hear  a  quick  suc- 
cession of  forcible 
taps.  But  you  cannot  see  the  oscillations  of  the  rocker,  to 
which  the  taps  are  due.  I  therefore  place  on  it  this  brass 
rod  A  B  (fig.  28),  with  two  balls  at  its  end  ;  the  oscillations 
are  thereby  rendered  much  slower,  and  you  can  easily 
follow  with  the  eye  the  pendiUous  iiJotion  of  the  rod  and 
This  motion  will  continue  as  long  as  the  rocker 
3  able  to  communicate  sufficient  heat  to  the  carrier  on 
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jtrhich  it  rests.     Thus  we  render  the  vibrations  slow,  but 

Skey  can  also  be  rendered  quick  by  using  a  rocker  with  a 

tider  groove.     The  sides  of  this  new  rocker  do  uot  over- 

80  much  as  those  of  the  last ;  it  is  virtually  a  shorter 

rpcndulitm,  and  will  vibrate  more  quickly.     Placed  upon 

the  lead,  as  before,  it  tills  the  room  with  a  clear  full  note. 

Its  taps  are  periodic  and  regular,  and  they  have  linked 

themselves  together  to  produce  this   music.     Here  is  a 

third    rocker,   with    a   still   wider   groove,   and   with   it 

obtain  a  shriller  tone.      You  know   that  the  pitch 

note  augments  with  the  number   of  the   vibrations ; 

his   wide-grooved   rocker  oscillates   more   quickly   than 

I  predecessor,  and  therefore  emits  a  higher  note.      By 

beans  of  a  beam  of  light  we  obtain  an  index  without 

Ireigbt,  which  does  not  retard  motion.     To   the   rocker 

I  fastened,  by  a  isingle  screw  at  its  centre,  a  small  disk 

■f  polished  silver,  on   which   the   beam   uf  the   electric 

tnp  falls,  and  from  which    it  is  reflected   against   the 

Bn.       When   the  rocker  vibrates,  the    beam    vibrates 

,  hut  with  twice  the  angular  velocity,  and  you  now 

;  the  patch    of  light  drawn  out  to  a  band  upon  the 

White  surface. 

(115)  What  is  the  cause  of  these  singular  vibrations 
;b  ?  They  are  due  simply  to  the  sudden  expansion 
f  heat  of  the  body  on  which  the  rocker  rests.  Wlienever 
e  hot  metal  comes  into  contact  with  its  lead  carrier,  a 
aipple  suddenly  juts  from  the  latter,  being  produced  by 
lAe  beat  communicated  to  the  lead  at  the  point  of  con- 
tact. The  rocker  is  thus  tilted  up,  and  some  other  point 
of  it  c-omes  into  contact  with  the  lea«i,  a  fresh  nipple  is 
formed  and  the  weight  is  again  tilteil.  Let  a  b  (fig.  29) 
be  the  surface  of  the  lead,  and  R  the  cross-section  of  the 
hot  rocker :  tilted  to  the  right,  the  nipple  is  formed  as  at 
I  to  the  left,  it  is  formed  as  at  t,  the  nipple  in 
Be  disappearing  as  soon  as  the  contact  with  the 


HEAT   AS   A   MODE   OF    MOTION. 


rocker  ceases.  The  consequence  is, that  wMle  its  tempera- 
ture remains  sufHctentlj  high,  the  rocker  is  tossed  to  and 
fro,  and  the  quitk  Biiccession  of  its  taps  against  the  lead 
produces  a  musical  sound. 

(116)  These  two  pieces  of  sheet  lead  are  fixed  edge-_ 

Fio.  29.  |V 


ways  in  a  vice ;  their  edges  are  ahout  half  an  inch 
asunder.  A  long  bar  of  heated  brass  ia  laid  across  the 
two  edges.  It  rests  first  on  one  edge,  which  expands  at 
the  poiut  of  contact  and  jerks  it  upwards;  it  then  falls 
upon  the  second  edge,  wbicb  also  rejects  it ;  and  thus  it 
goes  on  oscillating,  and  will  continue  to  do  so  as  long  as 
the  bar  can  communicate  sufficient  heat  to  the  lead.  This 
fire-sbuvel  will  answer  quite  as  well  as  the  prepared  bar. 
I  balance  the  heated  shovel  thus  upon  the  edges  of  the 


lead,  and  it  oscillates  exactly  as  the  bar  did  (fig.  30).     It 

may  be  added,  that  by  properly  laying  either  the  poker 

or  fire-shovel  upon  a  block  of  lead,  and  supporting   the 

die  so  as  to  avoid  friction,  you  may  obtain  notes  as 
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^■nreetand  musical  ns  any  you  have  heard  to-day.  A  heated 
^Hhoop  placed  upon  a  plate  of  lead  may  aleo  be  caused  to 
^^E|tt)rat«  and  sing ;  and  a  hot  penny-piece  or  balfcrown  may 
^^fee  caueed  to  do  the  same. 

^P  (117)  Looked  at  with  reference  to  the  connection  of 
□atnral  forces,  this  experiment  is  interesting.  The  atoms 
of  bodies  must  be  regarded  as  all  but  infinitely  small,  but 
then  they  must  be  regarded  as  all  but  infinitely  numerous. 
The  augmentation  of  the  amplitude  of  any  oscillating 
atom  by  the  communication  of  heat,  is  insensible ;  but  the 
tnimmation  of  an  almost  infinite  number  of  such  augmen- 
tations becomes  sensible.  Such  a  summation,  effected 
almost  in  an  instant,  produces  the  nipple,  and  tilts  the 
heavy  mass  of  the  rocker.  Here  we  have  a  direct 
conversion  of  heat  into  common  mechanical  motion.  But 
the  tilt*d  rocker  falls  again  by  gravity,  and  in  its  collision 
with  the  block  restores  almost  the  precise  amount  of  heat 
iiicb  was  consumed  in  lifting  it.  Here  we  have  the 
reet  conversion  of  common  gravitating  force  into  heat, 
ain,  the  rocker  is  surroimded  by  a  medium  capable  of 
eing  set  in  motion.  The  air  of  this  room  weighs  some 
IDS,  and  every  particle  of  it  is  shaken  by  the  rocker,  and 
Wery  tympanic  membrane,  and  every  auditory  nerve 
Fpresent,  is  similarly  shaken.  Thus  we  have  the  convernon 
of  a  portion  of  the  heat  into  sound.  And,  finally,  every 
sonorous  vibration  which  speeds  through  the  air  of  this 
room,  and  wastes  itself  upon  the  walla,  seats,  and  cuflhions, 
is  converted  into  the  form  with  which  the  cycle  of  actions 

^  commenced — namely,  into  heat. 
(118)  There  is  another  curious  effect,  for  which  we  are 
indebted  to  Mr,  George  Gore,  which  admits  of  a  similar 
explanation.  You  see  this  line  of  rails.  Two  strips  of 
brass,  s  s,  s'  s'  (fig.  31 ),  are  set  edgeways,  alwut  an  inch 
asunder.     A  hollow  ball  n,  of  very  thin  metal,  is  placed 


1  the 


iils.     If  it  be 


it  rolls 


'  them;  but 
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when  left  alone  it  is  quite  still.  I  connect  the  two  rails,  by 
the  wires  w  w',  with  the  two  poles  of  a  voltaic  battery. 
A  current  now  passea  down  one  rail  to  the  metal  ball, 
thence  over  the  ball  to  the  other  rail,  and  finally  hack  to 
the  battery.  At  the  two  points  of  contact  of  the  ball  with 
the  rails  the  current  encounters  resistance,  and  wherever  a 
current  encounters  resistance  heat  is  developed.    The  heat 


produces  an  elevation  of  the  rail  at  these  points.  Observe 
the  effect:  the  ball,  which  a  moment  ago  was  tranquil,  is 
now  uneasy.  It  vibrates  a  httle  at  first  without  rolliug ; 
now  it  actually  rolls  a  little  way,  stops,  and  rolls  back 
again.  It  gradually  augments  its  excursion,  now  it  has 
gone  farther  than  was  intended :  it  has  rolled  quite  off  the 
rails,  and  iojured  itself  by  falling  on  the  floor. 

(119)  In  this  other  apparatus,  for  which  I  am  in- 
debted to  Mr.  Gore  himself,  the  rails  form  a  pair  of 
concentric  hoops.  When  the  circuit  is  established,  the 
ball  p  (fig.  32)  rolls  round  the  circle.*  Abandoning  the 
electric  current,  Mr.  Gore  has  obtained  the  rotation  of 
light  balls,  by  placing  them  on  circular  rails  of  copper 
heated  in  a  fi]-e,  the  roHing  force  in  this  case  being  the 
same  as  the  rocKTiij' force  in  the  Trevely an  instrument. 

( 1 20)  In  the  vast  majority  of  cases  the  [)assage  of  bodicR 
from  the  liquid  to  the  solid  state  ia  accompanied  by  con- 
traction. Here,  for  example,  is  a  round  glass  dish  con- 
taining hot  water.  Over  the  water  I  pour  from  a  ladle 
I  quantity  of  melted  wax.     The  was  now  fonns  a  liquid 

•   Phii.  Mag.  toI.  XV,  p.  521. 
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^^Bayer  nearly  half  an  iQch  thick  above  the  water.  We  will 
^^'kuffer  both  w&t«r  and  wax  to  cool,  and  when  they  are  cool 
jou  will  find  that  the  wax,  which  now  overspreads  the 
entire  surface,  and  is  attached  all  round  to  the  glass,  will 
retreat,  and  we  shall  finally  obtain  a  cake  of  wax  of  con- 
siderably smaller  area  than  the  dJah,    ■ 

(121)  The  wax,  therefore,  in  passing  from  the  solid  to 
the  liquid  state,  expands.     To  assume  the  liquid  form,  its 
ticlefl  must  be  pushed  more  widely  apart,  a  certain  play 
Btween  the  particles  being  necessary  to  the  condition  of 
^quidity.     Now,  suppose  we  resist  the  expansion  of  the 


(  by  an  external  mechanical  force;  suppose  we  have  a 
'  strong  vessel  completely  filled  with  solid  wax,  and 
Iflering  a  powerful  resistance  to  the  expansion  of  the 
8  within  it;  what  would  you  expect  if  you  sought  to 
fiquefy  the  wax  in  this  vessel  ?  When  the  wax  is  free, 
the  heat  has  only  to  conquer  the  attraction  of  the  mole- 
cules of  the  wax,  but  in  the  strong  vessel  it  has  not  only 
■  tbia  to  conquer,  but  also  the  resistance  offered  by  the 
By  a  mere  process  of  reasoning,  we  should  thus 
I  led  to  infer  that  a  greater  amoimt  of  heat  would  be 
iquired  to  melt  the  was  under  pressure,  than  when  it  is 
in  other  words,  that  the  point  of  fusion  of  the  wax 
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will  be  elevated  by  pressure.  This  reasoning  ia  completely 
justified  by  esperiment.  Messrs.  Hopkins  and  Fairbairo 
have,  by  pressure,  raised  the  melting  point  of  some  sub- 
stances,  wbicli,  like  wax,  contract  considerably  on  solidify- 
ing, as  much  as  20°  and  30°  Fabr. 

(122)  The  experiments  here  referred  to  connect  them- 
selves with  a  very  remarkable  speculation.  The  earth  is 
known  gradually  to  augment  in  temperature  as  we  pierce 
it  deeper,  and  tbe  depth  has  been  calculated  at  which  all 
known  terrestrial  bodies  would  be  in  a  state  of  fusion. 
Mr.  Hopkins,  however,  observes  that,  owing  to  the  enor- 
mous pressure  of  the  superincumbent  layers,  the  deeper 
strata  would  require  a  far  higher  temperature  to  fuse  them, 
than  would  be  necessary  to  fuse  the  strata  near  the  earth's 
surface.  Hence  he  infers  that  the  solid  cnist  must  have 
a  considerably  greater  thickness  than  that  given  by  a 
calculation  which  assumes  tbe  fusing  points  of  the  super- 
ficial and  the  deeper  strata  to  be  the  same.  Sir  William 
Thomson  (Proceedings  of  the  Boyal  Society,  vol.  xii. 
p.  103)  expresses  the  conclusion  that  'unless  the  solid 
substance  of  the  earth  be  on  the  whole  of  extremely  riyid 
material,  it  must  yield  (be  deformed )  by  that  attraction  of 
the  sun  and  moon  wliich  generates  the  tides  so  as  to  very 
sensibly  diminish  the  actual  phenomena  of  the  tides,  and 
of  precession  and  nutation.'  Mr.  Hopkins  bad  already 
rejected  the  conclusion  of  geologists  that  the  earth  could 
be  a  molten  nucleus  covered  by  a  crust  only  100  miles  in 
thickness.  He  concluded  that  the  depth  of  the  crust 
must  be  at  least  800  miles.  Sir  William  Thomson  con- 
siders it  'extremely  improbable  that  any  crust  thinner 
than  2,000  or  '2,500  miles  could  maintain  its  figure  with 
sufficient  rigidity  against  the  tide-generating  forces  of  sun 
and  moon,  to  allow  the  phenomena  of  the  ocean  tides  and 
of  precession  and  nutation  to  be  as  they  now  are.' 

•3)  Tbe  deportment  of  ice  is  opposed  to  that  of  wax. 
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Ice  on  liquefying  contracts ;  in  the  arrangement  of  ita  atoms 
U>  form  a  solid,  more  room  is  required  than  they  need  in  the 
neighbouring  liquid  state.  No  doubt  this  is  due  to  crys- 
talline arrajigeraent ;  the  attracting  poles  of  the  molecules 
are  so  situated,  that  when  the  crystallising  force  comes 
into  play,  the  molecules  unite  so  as  to  leave  larger  inter- 
Eatomic  spaces  in  the  mass.  We  may  suppose  them  to 
attach  themselves  by  their  comers;  and,  in  turning  cornet 
to  corner,  to  cause  a  recession  of  the  atomic  centres.  At 
all  events,  their  centres  retreat  from  each  other  when 
_  soliditication  sets  in.  By  cooling,  then,  this  power  of 
and  of  consequent  enlargement  of  volume,  is 
inferred.  It  is  evident  that  pressure  in  this  case  would 
t  the  expansion  which  is  necessary  to  solidification, 
1  hence  the  tendency  of  pressure,  in  the  case  of  water, 
I  to  keep  it  liquid.  Thus  reasoning,  we  should  be  led  to 
Jje  conclusion  that  the  fusing  points  of  substances  which 
expand  on  solidifying  are  lowered  by  pressure. 

(124)  Professor  James  Thomson  first  investigated  this 
Bolyect  from  a  theoretic  point  of  view,  and  his  conclusions 
have  l>een  completely  verifieil  by  the  experiments  of  his 
brother  Professor  Sir  William  Thomson, 

(125)  Let  us  illustrate  these  principles  by  a  striking 
I  experiment.  This  square  pillar  of  clear  ice  is  an  inch 
%9tui  a  half  in  height,  and  about  a  square  inch  in  cross 

At  present  the  temperature  of  the  ice  is  0°  C. 
t  if  the  ice  be  subjected  to  pressiue  ita  point  of  fusion 
J  be  lowered:  the  compressed  ice  will  melt  at  a  tempera- 
r  0°  C,  and  hence  the  temperature  which  it  now 
t  is  in  excess  of  that  at  which  it  will  melt  under 
The  ice  is  cut  so  that  its  planes  of  freezing  are 
>endicular  to  the  height  of  the  pillar,    I  set  the  column 
,  L  (fig,  33),  upright  between  two  slabs  of  boxwood, 
.  and  place  the  whole  between  the  plates  of  a  small 
liydrautic  press.      A   beam   from  an  electric  lamp   now 
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passes  through  the  ice ;  the  beam  having  been  pre- 
viously sent  through  water  to  deprive  it  of  the  power 
of  melting  the  ice.*  The  light  of  the  lamp  now  passes 
through  the  substance  without  causing  fusion.  In  front 
of  the  press  is  placed  a  lens,  and  by  it  a  magnified  image  of 
the  ice  is  projected  upon  the  screen  before  you,  I  now 
work  the  arm  of  the  press,  and  gently  squeeze  the  pillar 
of  ice  between  the  two  slabs  of  boxwood.  Dark  streaks 
soon  begin  to  draw  tbemeelves  across  the  substance,  at  right 


angles  to  the  direction  of  pressure.  Eight  iu  t 
of  the  mass  they  are  appearing;  and  as  the  pressure 
continues,  the  old  streaks  expand  and  new  ones  are  de- 
veloped. The  entire  column  of  ice  is  now  scarred  by  these 
transverse  stris.  ^Miat  are  they  ?  They  are  nimply  liquid 
layers  foreshortened,  and  when  you  examine  this  column 
by  looking  into  it  obliquely,  you  see  the  surfaces  of  the 
layers.  We  have  thus  liquefied  the  ice  in  planes  per- 
I'aloriGc  beain  will  he  fully  ciiplaiDcd  nnd  iUustnitcd, 
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Kodiculor  to  the  pressure,  and  these  liquid   planes  in- 
terred  throughout  the  mass    give   it  this  laminated 
^pearauce. 
(12fi)  Whether  as  a  solid,  a  liquid,  or  a  gaa,  water  is 
e  of  the  most  wonderful  eubstances  in  nature.     Let  ue 
wnsider  it  a  littJe  farther.     At  all  temperatures  above 
KSS"  F.  or  0°  C,  the  motion  of  heat  is  Hufficient  to  keep 
mOie  molecules  of  water  Irom  rigid  imion.     But  at  0°  C, 
(the  motion  is  so  reduced  that  the  molecules  then  begin  to 
e  upon  each  other,  aggregating  to  a  solid.    This  union, 
B  however,  is  a  union  according  to  law.     To  manj  persons 
f  here   present   a   block   of   ice   may   seeni    of   no    more 
E  interest  and  beauty  thnn  a  block  of  glass ;  but  in  reality 
it  bears  the  same  relation  to  glase  that  an  oratorio  of 
Handel  does  to  the  cries  of  a  market-place.     The  ice  ia 
music,  the  glass  is  noise;  the  ice  is  order,  the  glass  is 
confusion.     In  the  glass,  molecular  forces  constitute  an 
inejttricably  entangled  skein;  in  the  ice  they  are  woven 
a.  symmetric  web,  the  wonderiul  texture  of  which  I  will 
r  BOW  try  to  make  evident  to  you. 

(127}  How  shall  I  dissect  this  ice  ?   In  the  solar  beam — 

I  or,  failing  that,  in  the  beam  of  our  electi-ic  lamp — we  have 

I  anatomist  competent  to  perform  this  work,      I  will 

B  the  agent  by  which  this  beam  was  purified  in  the 

ut  experiment,  and  send  the  rays  direct  from  the  lamp 

rough  this  slab  of  pellucid  ice.      It  will  take  the  crystal 

difice  to  pieces  by  accurately  reversing  the  order  of  its 

fcfchitecture.     Silently  and  aj-m metrically  the  crystallising 

■force  built  the  molecules  up,  silently  and  symmetrically 

Vthe  electric  beam  will  take  them  down.     A  plate  of  ice, 

f.five  inches  square  and  an  inch  thick,  is  now  in  front  of 

I  the  electric  lamp,  the  rays  from  which  pass  through  the 

1  ice.     The  water  employed  in  our  last  experiment  has  been 

,  removed,  the  entire  beam  being  now  permitted  to  impinge 
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upon  the  ice.    Compaxe  the  radiant  beam  before  it  entire 

the  ice  with  the  same  beam  after  its  passage   through  the 

Ftn.  3*. 
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substance :  to  the  eye  there  ie  no  difference ;  the  light  is  not 

(sensibly  diminiahed.     Not  so  with  the  heat.     As  a.  thermic 

agent,  the  beam,  before  entering,  is  far  more  powerful  than 

after  its  emergence.     A  portion  of  it  lias  been  arrested 

in  the  ice,  and  that  portion  is  to  be  our  working  anatomist. 

I  place  a  lens  in  front  of  the  ice,  and  cast  a  magnilied 

image  of  the  slab  upon  the  screen.     Observe  that  image 

(fig.  34).     Here  we  have  a  star,  and  there  a  star;  and  as 

the  action  continues,  the  ice  appears  to  resolve  itself  into 

stars,  each  one  possessing  six  rays,  each  one  resembling  a 

beautiful  flower  of  six  petals.     When  the  lens  is  shifted  to 

and  fro,  new  stars  are  brought  into  view ;  and  as  the  action 

continues,  the  edges  of  the  petals  become  serrated,  and 

spread  themselves  out  like  fern-leaves  upon  the  screen. 

Probably  few  here  present  were  aware  of  the  beauty  latent 

in  a  block  of  common  ice.    And  only  think  of  lavish  Nature 

l  Operating  thus  throughout  the  world.     Every  atom  of  the 

■aolid  ice  which  sheets  the  frozen  lakes  of  the  North  has 

ll>een  fixed  according  to  this  law.     Nature  '  lays  her  beams 

P  )q  mnaic,'  and  it  is  the  function  of  science  to  purify  oui' 

f  organs,  so  as  to  enable  us  to  hear  the  strain. 

I       (128)  There  are  two  points   connected  with  this  ex- 

I  periment,    of    great    minuteness,    but    of  great    interest. 

KTou  Ree  these  flowers  by  transmitted  light— by  the  light, 

■that  is,  which  has  passed  through  both  the  flowers  and 

■the  ice.     But  when   you   examine  them   by  allowing  a 

■lieam  to  be  reflected  from  them  to  your  eye,  you  find 

Kin  the  centxe   of  each  flower  a  spot  which    shines  with 

BHifi  lustre  of  burnished  silver.     You  might  be  disposed 

■to  think  this  spot  a  bubble  of  air;  but  you  can,  by  im- 

Roersing   it   io   hot   water,  melt  away  the   circumjacent 

Blcv;    the    moment   the   spot    is   thus   laid   bare,  it  col- 

Blapses,  and  no  trace  of  a  bubble  is  to  be  seen.     77ii:  spot 

m%t  a  vacuum.     Obsen-e  how  truly  Nature   works — how 

Brigidly  she  curries  her  laws  into  all  her  operations.     We 
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know  that  ice  in  melting  contracts,  and  here  we  find  the 
fact  making  its  appearance.  The  water  of  these  flowers 
cannot  quite  fill  the  apace  of  the  ice  by  the  fusion  of 
which  they  are  produced;  hence  a  vacuum  necesRarily 
accompanies  the  formation  of  every  liquid  flower. 

(129)  When  these  beautiful  figures  were  first  observed, 
iind  at  the  moment  when  the  central  spot  appeared,  like  a 
point  of  light  suddenly  formed  within  the  ice,  I  thought 
I  heard  a  clink,  as  if  the  ice  had  split  asimder  when 
the  spot  was  formed.  At  first  I  suspected  that  it  was 
my  imagination  which  associated  sound  with  the  appear- 
ance of  the  spot,  as  it  is  said  that  people  who  see  meteors 
often  ima^ne  a  rushing  noise  when  they  really  hear  none. 
The  clink,  however,  was  a  reality;  and  if  you  allow  me, 
I  will  now  conduct  you  from  this  trivial  fact  through  a 
series  of  interesting  phenomena  to  a  far-distant  question 
of  practical  science. 

(130J  All  water  holds  a  quantity  of  air  within  it  in 
solution ;  by  boiling  you  may  liberate  this  imprisoned  air. 
On  heating  a  flask  of  water,  air  bubbles  are  seen  crowding 
on  its  sides,  long  before  it  boils,  rising  through  the  liquid 
without  condensation,  and  often  floating  on  the  top.  The 
presence  of  this  air  in  the  water  promotes  the  ebullition 
of  the  liquid.  It  acts  as  a  kind  of  elastic  spring,  pushing 
the  molecules  apart,  and  thus  helping  them  to  take  the 
gaseous  form. 

(131)  "When  this  antagonist  to  their  intimate  union  is 
removed,  the  molecules  lock  themselves  together  in  a  far 
tighter  embrace.  The  cohesion  of  the  water  is  vastly 
augmented  by  the  removal  of  the  air.  Here  is  a  glass 
vessel  which  contains  water  purged  of  air.  One  effect  of 
the  withdrawal  of  the  elastic  buffer  is,  that  the  water  falls 
with  the  sound  of  a  solid  body,  and  hence  this  instrument 
is  called  the  water  hammer.  You  bear  liow  the  liquid  j 
rings  gainst  the  end  of  the  tube,  when  it  is  turned  u  ~ 


turned  upsid^Hl 
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^■Sown.      This   other  tube,  A.BC  (fig.  35),  bent  into  the 

^F^rm  of  a  y,  ia  intended  to  show  how  the  coheEion  of  the 

water  is  affected  by  long-continued  boiling.     The  water 

which  partially  fills  the  bent  tube  is  first  brought  into 

,  one  arm  of  the  V-     And  now  I  tap  the  eod  of  this  arm 

(aJQRt  thi>  table.     You  hear,  at  first,  a  loose  and  jingling 

As  long  as  you  hear  that  jingle  the  water  is  not 


in  true  contact  wilh  the  interinr  surface  of  the  tube.  As  the 
tiippiag  continued  you  notice  au  alteration  in  the  sound  ; 
the  jini^ling  has  now  disappeared,  the  impact  being  hard, 
like  that  of  solid  ngidnst  Holid.  I  now  nuse  the  tube,  and 
uru  the  column  of  water  upside  down,  but  there  it  stands 
a  the  arm  a  b.  Its  particles  cling  so  tenaciously  to  the 
ides  of  the  tube,  and  lock  themselves  so  firmly  together, 
that  it  refuses  to  behave  like  a  li>)uid  body;  it  declines 
O  obey  the  law  of  gravity. 

(132)  So  much  for  the  augmentation  of  cohesion:  but 
lllis  very  cohesion  enublea  the  liquid  to  resist  ebullition. 
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Water  thus  freed  of  ita  air  can  be  raised  to  k  temperature 
60°  or  80°  Fftlir.,  above  ita  ordinary  boiling  point,  with- 
out ebullition.  But  laark  what  takes  place  when  the  liquid 
does  boil.  It  has  _an  enormous  excess  of  heat  stored  up  ; 
the  locked  atoms  finally  part  company,  but  they  do  so 
with  the  violence  of  a  spring  which  suddenly  breaks  under 
strong  tenaioD,  and  ebullition  is  converted  into  explosion. 
To  M.  Donny,  of  Ghent,  we  are  indebted  for  the  discovery 
of  this  interesting  property  of  water. 

(133)  Turn  we  now  to  onr  ice; — Water  in  freezing 
completely  excludes  the  air  from  ita  crystalline  archi- 
tecture. All  foreign  bodies  are  squeezed  out  of  it,  and  ice 
holdrt  no  air  in  solution.  Supposing,  then,  that  we  melt  a 
piece  of  pure  ice,  under  conditions  where  air  cannot  ap- 
proach it,  we  should  have  water  in  its  most  highly  cohesive 
condition ;  and  such  water  ought,  if  heated,  to  fihow  the 
effects  mentioned.  That  it  does  so  has  been  proved  by 
Faraday.  He  melted  ice  under  spirit  of  turpentine,  and 
found  that  the  liquid  thus  formed  could  be  heated  far 
beyond  its  boiling  point,  and  that  the  rupture  of  the  liquid, 
by  heating,  took  place  with  almost  explosive  violence.  Let 
us  apply  these  facts  to  the  sis-petaled  ice-flowers,  and  their 
little  central  star.  They  are  formed  in  a  place  where  no 
air  can  come.  Imagine  the  flower  forming,  and  gradually 
augmenting  in  size.  The  cohesion  of  the  liquid  is  so  great, 
that  it  will  pull  the  walls  of  its  chamber  together,  or  even 
expand  its  own  volume,  sooner  than  give  way.  But,  as  its 
size  augments,  the  space  which  it  tries  to  occupy  becomes 
too  large  for  it,  until  finally  the  liquid  snaps  with  au 
audible  clink,  and  a  vacuum  is  formed. 

(134)  Ijet  us  take  our  final  glance  at  this  web  of 
relations.  It  is  very  remarkable  that  a  great  number  of 
locomotives  have  exploded  on  quitting  the  shed  where 
they  had  rtmained  for  a  time  quiescent,  and  just  as  the 
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ffigineer  turned  on  the  steam.     Now,  if  a  locomorive  has 

•en  boiling  sufficiently  long  to  expel  the  air  coDtained 

1  it«  water,  that  liquid  will  poesees,  iu  a  greater  or  leas 

degree,  the  high  cohesive  quality  to  which  I  have  drawn 

attention.      It  is  at  least  conceivable,  that   while 

testing,   previous   to   starting,   an  excess   of  heat  might 

Wl>e  thus  stored  np  in  the  hoiler,  and,  if  stored  up,  the 

■  Wrtaia  result  would  he,  that  the  mechanical  act  of  turn- 
ling  on  the  steam  would  produce  the  rupture  of  the  cohe- 
E^DD,  and  sfeam  of  explosive  force  would  instantly  be  ge- 
^■erated.     I  do  not  say  this  is  the  case;  but  who  can  sav 

1  not  the  case?     We  have  been  dealing  throughout 
•with  a  real  agency,  which  is  certainly   competent,  if  its 
power  be  invoked,  to  produce  the  effects  which  have  been 
ascribed  to  it. 

(135)  As  you  add  heat,  or,  in  other  words,  motion,  to 
water,  the  particles  from  its  free  surface  fly  off  in  aug- 
mented numbers.     You  at  length  approach  what  is  called 
the  boiling  point  of  the  liquid,  where  the  conversion  into 
'  vapour  is  not  confined  to  the   free  surface,   but  is  most 
I  eopiouH  at  the  bottom  of  the  vessel  where  the  beat  is  applied. 
1  When  water  boils  in  a  glaj<8  beaker,  the  steam  is  seen  ris- 
Kiog  from  the  bottom  to  the  top,  where  it  often  floats  for  a 
■.time,  enclosed  above  by  a  dome-shaped  liquid  film.     To 
^.produce  these  bubbles  certain  resistances  must  be  over- 
I'Vome.     Firnt,  we  have  the  adhesion  of  the  water  to  the 
.  which  contains  it,  and  this  force  varies  with  the 
Bnibstance  of  the  vessel.     In  the  case  of  a  glass  vessel,  for 

■  example,  the  boiling  p<jint  may  be  raised  two  or  three  de- 
Eerees  by  adhesion  ;  while  in  metal  vessels  ibis  is  impossible. 

The  adhesion  is  often  overcome  by  fits  and  starts,  which 

lay  be  so  augmented  by  the  introduction  of  certain  salts 

llBtotbe  liquid,  thut  n  loud  bumping  sound  accompanies 

■  tfae  ebullition:  the  detachment  is  iu  some  cose.i  so  sudden 
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and  violent,  ae  to  cause  the  liquid  to  leap  bodily  out  of 
the  veMel. 

(136)  A  second  antagonism  to  the  boiling  of  the  liquid 
is  the  attraction  of  the  liquid  particles  for  each  other ;  a 
force  which,  as  we  have  seen,  may  become  very  powerful 
when  the  liquid  is  purged  of  air.  This  is  not  only  true  of 
water,  Viut  of  other  liquids — of  all  ethera  arid  alcohols, 
for  esample.  If  we  connect  a  small  flaiik  containing  ether 
or  alcohol  with  an  air-pump,  a  violent  ebullition  occure  iu 
the  liquid  when  the  pump  is  first  worked ;  but  after  all  the 
air  has  been  removed  from  the  liquid,  we  may,  in  many 
cases,  continue  to  work  the  pump  without  producing  any 
sensible  ebullition ;  the  free  surface  alone  of  the  liquid 
yielding  vapour. 

(137)  But  in  order  that  steam  should  exist  in  bubbles, 
in  the  interior  of  a  mass  of  liquid,  it  must  be  able  to  resist 
two  other  things — the  weight  of  the  water  above  it,  and  the 
weight  of  tbe  atmosphere  above  the  water.  What  the 
atmosphere  is  competent  to  do  may  be  thus  illustrated. 
This  tiu  vessel  contains  a  little  water,  which  is  kept 
boiling  by  this  small  lamp.  At  the  present  moment 
all  the  space  above  the  water  is  tilled  with  steam,  which 
issues  from  this  stopcock.  I  shut  the  cock,  withdraw  the 
lamp,  and  pour  cold  water  upon  the  tin  vessel.  The 
fcteam  withiu  It  is  condensed,  the  elastic  cushion  which 
pushed  the  sides  outwards  in  opposition  to  the  pressure 
of  the  atmosphere  is  withdrawn,  and  observe  the  conse- 
quence. The  sides  of  the  vessel  are  crushed  and  crumpled 
up  by  the  atmospheric  pressure.  This  pressure  amounts 
to  15  lbs.  on  every  square  inch:  how  then  can  a  thing  so 
frail  as  a  bubble  of  steam  exist  on  the  surface  of  boiling 
water  ?  Simply  because  the  elastic  force  of  the  steam 
within  is  exactly  equal  to  that  of  the  atmosphere  without ; 
the  liquid  film  is  pressed  between  two  elastic  cushions, 
which  exactly  neutralise  each  other.     If  the  steam  were 
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predominant,  the  bubble  would  burst  from  within  out- 
warda ;  if  the  air  were  predominant,  the  bubble  would  be 
crusfaeil  inwards.  Here,  then,  we  have  the  true  deliuitioQ 
of  the  boiling  point  of  a  liquid.  It  is  that  temperature  at 
which  the  tension  of  ita  vapour  exactly  balances  the  pres- 
sure of  the  atmosphere. 

(_138)  Ah  we  aacend  a  mountain,  the  pressure  of  the 
atmosphere  above  us  diminii^hes,  and  the  boiling  point  is 
correspondingly  lowered.  On  au  August  morning  in  1859 
the  temperature  of  boiling  water  on  the  summit  of  Mont 
Blanc  was  found  to  he  184-95''  F. ;  that  is,  alwiit  twenty- 
■even  degrees  lower  than  the  boiling  point  at  the  sea  level. 
On  August  3,  1858,  the  temperature  of  boiling  water  on 
the  summit  of  the  Finsteraarhorn  waa  187' F.  On  August 
10,  1858,  the  boiling  point  on  the  summit  of  Munte 
Bosa  was  184*92'  K.  The  boiling  point  on  Monte  Rosa 
is  shown  by  these  observations  to  be  almost  the  same  as 
it  was  found  to  be  on  Moat  Blanc,  thou<^h  the  latter  ex- 
ceeds the  former  in  height  by  5IX)  feet.  The  fluctuations 
of  the  barometer  are,  however,  quite  sufficient  to  account 
for  this  anomaly.  The  lowering  of  the  boiling  point  is 
sbont  1°  F.  for  every  590  feet  of  elevation;  and  from 
the  temperature  at  which  water  boils,  we  may  approxi- 
inatelyinfer  the  height.  It  is  said  that  to  make  good  tea, 
in  London,  boiling  water  is  essentia! ;  if  this  be  so.  it  is 
evident  that  the  beverage  cannot  be  procured,  iu  all  its 
excellence,  at  the  higher  statious  of  the  Alps. 

(139)  Our  nest  experiment  will  illustrate  the  depend- 
ence of  the  boiling  point  on  external  pressure.  This 
flask,  F  (tig.  3fi),  contains  water ;  while  from  this  second 
and  much  larger  one,  G,  the  air  has  been  removed  by 
«a  air-pump.  The  two  flasks  are  connected  together 
)ty  a  Byfiteni  of  cocks,  which  etinhles  mc  to  estiblish  a 
eommnuicatiou  between  them.  The  water  in  the  small 
flask    has    been   kr-pt  lioiliug    for    some  tiniL-,  the    steant 
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generated  escaping  from  the  cock  y,  I  now  remove 
the  spirit-lamp,  and  turn  this  cock,  bo  as  to  shut  out 
the  air.  I'he  wat«v  ceases  tu  hoil,  and  pure  steam  now 
fills  the  flaak  above  it.  We  will  give  the  water  tirae 
to  cool  a  little.  At  intervala  you  see  a  bubble  of  steam 
rising,  because  the  pressure  of  the  vapour  above  is  gra- 


dually  heTOratng  less  throngii  it«  own  sh>w  cundeiisation. 
I  hasten  the  condensation  by  pouring  cold  water  on  the 
flaak;  the  bubbles  are  more  cnpiouely  generated.  By 
plunging  the  6aak  bodily  into  cold  water  we  might  cause 
it  to  hoil  violently.  The  water  in  Fisnowat  rest,  and  some 
degrees  below  its  ordinary  boiling  point.  I  turn  the  cock 
r,  which  opens  a  way  for  the  escape  of  the  vapour  iiit9;<| 
the  exhausted  vessel  0  ;  the  moment  the  prenaure  is  din 
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I  aished  ebullilion  begins  in  r;  and  observe  how  tlie  con- 
densed steam  showers  in  a  kind  of  rain  against  the  sides 
I  of  Ibe  vessel  g.  By  keeping  the  veaael  a  cool,  and  thereby 
I  preventing  the  vapour  in  it  from  reacting  upon  the  surface 
I  of  the  water  in  f,  we  can  keep  the  small  flask  bubbling 
I  and  boiling  for  a  considerable  time. 

( 140)  Through  high  heating,  the  elastic  force  of  steam 
I  may  be  rendered  enormous.     The  Marquis  of  Worcester 
I  burst  cannon  with  it,  and  our  calamitous  boiler  expIoaionK 
I  are  so  many  illustrations  of  its  power.     By  the  skill  of  man 
this  mighty  agent  has  been  controlled ;  by  it  Denis  Papin 
raised  a  piston,  which  wn^  pressed  down  again  by  the  at- 
mosphere, when  the  steam  was   condensed ;   Savery  and 
Newcomen  turned  it  to  practical  account,  and  James  Watt 
completed  this  grand  application  of  the-moving  power  of 
beat.     Pushing  the  piston  up  by  steam,  while  the  space 
above  the  piston  is  in  communication  with  a  condenser  or 
with  the  free  air,  and  again  pushing  down  the  piston, 
while  the  space  below  it  is  in  communication  with  a  con- 
^H  denser  or  with   the  air,  we   obtain  a  simple   to-and-fro 
^H  motion,  which,  by  mechanical  arraugement^,  may  he  made 
^^■to  take  any  form  we  please. 

^^B  (140  a)  [tnt  the  principle  of  the  conservation  of  force  is 
^^■Illustrated  here  as  elsewhere.  For  every  stroke  of  work 
^^Vdone  by  the  steam-engine,  for  every  weight  that  it  lift«, 
^B'lmd  for  every  wheel  that  it  nets  in  motion,  an  equivalent 
^B  quantity  of  heat  disappears,  A  ton  of  coal  furnishes  by  its 
^K  oomhustion  a  certain  definite  amount  of  heat.  Let  this 
quantity  of  coal  be  applied  to  a  working  steam-engine; 
and  let  all  the  heat  communicated  to  the  machine  and 
^^  the  condenser,  and  all  the  beat  lost  by  railiation  and  by 
^Htooutact  with  the  air,  be  collected;  it  will  fall  short  of 
^^vtbe  quantity  produced  by  the  simple  combustion  of 
^^ft^e  Ion  of  coal,  by  an  amount  exactly  equivalent  to  the 
^^■vork  performed.    Suppose  that  work  to  consis't  in  lifting  a 
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weight  of  7,720  lbs.  a  foot  high ;  the  heat  produced 
by  the  coal  would  fall  short  of  its  masimum  by  a 
quantity  just  sufficient  to  warm  a  pound  of  water  10°  F. 
In  an  elaborate  series  of  experiments,  executed  with  extra- 
ordinary assiduity  and  on  a  grand  scale  by  M.  Hirn,  a 
civil  engineer  at  Colmar,  this  theoretic  deduction  has  been 
reduced  to  fact. 

(140  b)  lu  the  steam-engine  employed  by  M.  Him  the 
steam  left  the  boiler  and  entered  the  cylinder  at  a  tem- 
perature of  146°  C,  The  temperature  of  bis  condenser 
was  34"  V.  The  steam  was  worked  expansively ;  that  is 
to  say,  it  was  permitted  to  enter  the  cylinder  and  exert. 
its  full  pressure  until  the  piston  was  raised  through  a 
certain  fraction  of  its  range.  The  steam  was  then  cut  off, 
the  pJRton  being  urged  through  the  remainder  of  its  course 
by  the  expansive  force  of  the  steam  already  in  the 
cylinder. 

(140  c)  In  this  case  the  space  above  the  piston  was 
connected  with  the  condenser ;  and  if  the  expansion  were 
perfect  the  va[)Our  underneath  the  piston  at  the  moment 
it  reached  the  highest  point  of  its  course  would  have  the 
pressure  due  to  the  temperature  of  the  condenser.  Now 
supposing  the  expansion  to  be  thus  perfect,  and  that  the 
expanded  vapour  all  remai-js  in  the  state  of  vapour;  the 
experiments  of  M.  Eeguault  enable  us  to  calculate  the 
fraction  of  the  total  heat  which  is  converted  into  work. 
We  tind  according  to  these  calculations,  and  not  without  a 
feeling  of  aitonishment  at  ita  smallness,  that  iu  the  experi- 
ments of  JI.  Hirn,  the  heat  converted  into  work  ought  not 
to  amount  to  -^fth  of  the  whole. 

(140  d)  But  as  a  matter  of  fact  M.  Him  found  that  ^th 

of  the  heat  borrowed  from  the  steam   in  the   boiler  was 

converted  into  mechanical  effect.    Thus  actual  experiment 

was  at  variance  with  calculation.     A  theoretic  conclusion 

at  indepeudently  first  by  j\lr.   Rankiue,  and    im- 
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■tedMt«ly  afterwarda  by  M.  ClausiiiB,  two  of  the  fouuders 
F  the  mechanical  ttieory  of  heat,  reveals  the  cause  of 
:  diacrepaucj.  In  calculating  the  heat  poasesse*!  by 
the  vapour  as  it  enters  tlie  condenser,  it  was  assumed 
kBt  the  whole  of  the  vapour  borrowed  from  the  boiler 
maiued  during  its  expansion  in  the  vaporoiis  condi- 
This  Mr.  Kankine  and  M.  Clanaina  proved  that 
rtt  could  not  do.  They  showed  that  when  saturated  steam 
expands,  as  in  M.  Uirn'a  experimeots,  it  is  in  part  pre- 
cipitated, thus  yielding  up  a  portion  of  the  heat  of  vapo- 
Indeed,  before  anything  correct  was  known  alwut 
_jts  cause,  mechanical  engiueers  met  the  nuisance  arising 
hfrom  the  water  of  condensation  by  surrounding  the  cylin- 
der with  a  jacket  of  hot  steam  from  the  boiler.  The 
mixture  of  vapour  and  lir^uid  entering  the  condenser  atter 
the  expauaion  would  thus  possess  less  heat  than  if  it  were 
all  vapour ;  and  hence  it  ia  that  a  greater  amount  of  heat 

(than  that  given  l>y  calculation  is  converted  into  work.  I 
nay  odd  that  the  precipitation  of  the  steam  duriug  its 
iVZpanaion  was  demonstrated  experimentally  by  M.  Hiru. 
:  (140  e)  But  even  12^  per  cent,  of  the  total  heat  ira- 
)^efl  enormous  loss.  \or  is  this  losa  to  be  avoided  in  the 
■team  engine.  For  the  anioimt  of  heat  converted  into  work 
r4epends  upon  two  things,  the  temperature  of  the  steam  as 
It  enters  the  cylinder  and  its  temperature  as  it  enters  the 
condenser.  The  further  the  initial  aud  the  tinal  temperatures 
ore  apart,  the  greater  is  the  amount  of  heat  converter]  into 
work :  but  to  convert  alt  the  heat  into  work  a  condenser  kept 
MJat  the  absolute  zero  of  temperature  would  be  required.* 

^^^  •  The  a&toliitc  trmprratur*  of  b  Ixyiy  is  its  Iftnjwuturo  r«ikoni>d  fr<jm 

'    Ha  Bbxiliitf  mru  (locptainci!  in  J  96).     Tlim  IIk-  Ipmjwniturr  r>f  mrltinziri' 

rcclKint<d  fnioi  thi»i«iiul  1*573"  C.  LolT  rpfirtwut  thi'  rnitiiil  Itunpenituw  of 

llie«CpaiD.  uoil  '  lis  BdkI  l«inpcnitarp,  IwLh  reckoned  Ironi  llle abmluto n-ra ; 

than  til''  pnijurlioii  of  (liu  lutnJ  lirut  coDVurled  inhi  n-urk  Caanot  onJcr  tho 
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(141)  My  object  however  at  present  ia  to  deal  wilh 
utttiire  rather  than  art,  and  I  am  compelled  to  pass  quickly 
over  the  trill mphs  of  man's  skill  in  the  application  ot'.stt;am 
to  the  purposes  of  life.     Those  who  have  walked  through 

the  workshops  of  Woolwich,  or  through  any  of  our  great 
factories  where  machinery  is  extensively  employed,  will 
have  been  sufficiently  impressed  with  the  aid  which  the 
mighty  power  of  heat  renders  to  man.  Let  it  be  re- 
membered, that  every  wheel  which  revolves,  every  chisel, 
and  plane,  and  punch,  which  pacses  through  solid  iron 
as  if  it  were  so  much  cheese,  derives  its  moviug  energy 
from  the  clashing  atoms  in  the  furnace.  The  motion  of 
these  atoms  is  communicated  to  the  boiler,  thence  to  the 
water,  whose  particles  are  shaken  asunder,  and  fly  from 
'  each  other  with  a  repellent  energy  commensurate  with  the 
heat  communicated.  The  steam  ia  simply  the  apparatus, 
through  the  intermediation  of  which,  the  atomic  motion  is 
converted  into  the  mechanical  motion.  And  the  motion 
thus  generated  can  reproduce  its  parent.  Look  at  the 
planing  tools;  look  at  the  boring  instruments — streams  of 
water  gush  over  tbem  to  keep  them  cooL  Take  up  the 
curled  iron  shavings  which  the  planing  tool  has  pared  off; 
you  cannot  hold  them  in  your  hand,  they  are  so  hut.  Here 
the  moving  force  is  restored  to  ite  first  form ;  the  energy 
of  the  machine  has  been  consumed  in  reproducing  the 
power  from  which  that  energy  was  derived. 

(142)  I  must  now  direct  your  attention  to  a  natural 
steam  engine,  which  long  held  a  place  among  the  wonders 
of  the  world;— the  Great  Geyser  of  Iceland.  The  sur- 
face of  Iceland  gradually  rises  from  the  coast  towards 
the  centre,  where  the  general  level  is  about  2,000  feet 
above  the  sea.  On  this,  as  on  a  pedestal,  are  planted 
the  Jiikull,  or  icy  mountains  of  the  island,  which  extend 
both  ways  in  a  north-easterly  direction.     Along  this  chain 

'so  occur  the  active  volcanoes  of  Iceland,  and  the  thermal 
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springs  follow  the  same  general  direction.  From  the 
rictges  and  chasms  which  diverge  from  the  niountainR, 
enormotis  mosses  of  steam  inane  at  intervals,  biasing  Mid 
roaring:  and  when  the  escape  occurs  at  the  month  of  a 
cavern,  the  resonance  of  the  cave  often  raises  the  sound 
to  the  loudness  of  thunder.-  Lower  down,  in  the  more 
porous  strata,  we  have  smoking  mud  pools,  where  a  repul- 
sive blue-black  aluminous  pa^te  is  boiled,  rising  at  times 
in  huge  bubbles,  which,  on  bursting,  scatter  their  «limy 
spray  to  a  height  of  fifteen  or  twenty  fe**t.  From  the  baie 
uf  the  bills  upwards  extend  the  glaciers,  and  above  these 
are  the  snow-fields  which  crown  the  summits.  From  the 
arches  and  fissures  of  the  glaciers,  va^t  raaaaea  of  water 
issue,  falling  at  times  in  cascades  over  walls  of  ice,  and 
ireoding  for  miles  over  the  country  before  they  find 
[finite  outlet.  Extensive  morasses  are  thus  formed.  In- 
tercepted by  the  cracks  and  fissures  of  the  land,  a  portion 
of  the  water  finds  its  way  to  the  heated  rocks  l)eneath ; 
and  here,  meeting  with  the  volcanic  gases  which  traverse 
these  underground  regions,  both  travel  on  together,  t<i 
Inue,  at  the  first  convenient  opportunity,  either  a.s  «n 
eruption  of  steam  nr  a  boiling  spring. 

(143)  The  most  famous  of  these  springs  is  the  (ireat 

'ser.     It  iionHists  of  a  tube,  seventy-four  feet  deep,  and 

feet  in  diameter.     The  tube  is  surmounted  by  a  basiot 

'hich  measures  from  north  to  south  fifty-two  feet  across, 

id  from  east  to  west  sixty  feet.     The  interior  of  the  tube 

basin  is  coated  with  a  henutiful  smooth  siliceous  plas- 

T,  so  hard  as  to  resist  the  blows  of  B  hammer ;  and  the 

it  question  is,  How  was  this  wonderful  tube  eonstnicted 

LOW  wa«  this  perfect  plaster  laid  on  ?     Chemical  analy- 

[im  shows  that  the  water  holds  silica  in  solution,  and  it 

Ight  therefore  be  conjectured  that  the  water  had  de- 

ited  this  silica  against  the  sides  of  the  tube  ami  basin. 

tnt  such  is  uot  the  ca^:  the  water  deposits  no  sediment 
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no  mutter  how  long  it  may  be  kept,  no  feolid  substance  is 
fiepaiated  from  it.  It  may  be  bottled  up  and  preserved  fur 
yeurs,  &&  clear  as  crystal,  without  showing  the  slightest 
tendency  to  form  a  precipitate.  To  answer  the  question  in 
this  way  would  moreover  assume  that  the  shaft  was  formed 
by  some  foreign  agency,  the  water  merely  lining  it.  The 
geyaer-hasin,  however,  rests  upon  the  summit  of  a  mound 
about  forty  feet  high,  and  it  is  evident,  from  mere  inspec- 
tion, that  tlie  mound  has  been  deposited  by  the  geyser. 
But  in  building  up  this  mound  the  spring  must  have 
formed  the  tube  which  perforates  the  mound,  and  hence 
the  conclusion  that  the  geyser  is  the  architect  of  its  own 
tul>e. 

(144)  If  we  place  a  quantity  of  the  geyser  water  in  an 
evaporating  basin,  the  following  takej*  place :  In  the  centre 
of  the  basin  the  liquid  deposits  nothing,  but  at  the  sides, 
where  it  is  drawn  up  by  capillary  attraction,  and  thus  sub- 
jected to  speedy  evaporation,  we  find  silica  deposited. 
Round  the  edge  a  ring  of  silica  is  laid  on,  and  not  imtil 
the  evaporation  Las  continued  a  considerable  time  do  we 
iind  the  filightest  turbidity  in  the  middle  of  the  water. 
This  experiment  is  the  microscopic  representant  of  what 
occui's  in  Iceland.  Imagine  the  case  of  a  simple  thermal 
siliceous  spring,  whose  waters  trickle  down  a  gentle  incline  ; 
the  water  thus  exposed  evaporates,  and  silica  is  deposited. 
This  deposit  gradually  elevates  the  side  over  which  the 
water  passes,  until,  finally,  the  latter  has  to  take  another 
course.  The  same  takes  place  here,  the  ground  is  elevated 
as  before,  and  the  spring  has  to  move  forward.  Thus  it  is 
compelled  to  travel  round  and  round,  depositing  itij  silica 
and  deepening  the  shaft'  in  which  it  dwells,  until  finally, 
in  the  course  of  ages,  the  simple  spring  has  produced  that 
wonderful  apparatus  which  has  so  long  puzzled  and  astou- 
both  the  tourist  and  the  philosopher. 


» 


(145)  Previous  to  hii  eruption,  botii  the  tube  and  basin 
ore  filled  witb  hut  water;  detonations  which  shake  the 
ground  are  beard  at  intervals,  and  each  is  succeeded  by  a 
violent  agitation  of  the  water  in  the  basin.  The  water  io 
the  pipe  la  liftud  up,  forma  an  eminence  in  the  middle  of 

basin,  and  an  overflow  ia  the  conaeqnence.  These 
inationfl  are  evidently  due  to  the  production  of  steam 
the  ducts  whicii  feed  the  geyser  tube,  which  steam,  escap- 
into  the  cooler  water  of  the  tube,  is  there  suddenly 
idensed,  and  produces  the  explosions.  Professor  Bunseu 
<ded  in  determining  the  temperature  of  the  geyser 
tube,  from  top  to  bottom,  a  few  minutes  before  a  great 
eruption ;  and  these  observations  revealed  the  extraordinary 
hct,  that  at  no  part  of  the  tube  did  the  water  reach  its 
boiling  point.  In  the  annexed  sketch  (fig.  37)  I  have 
pven,  on  one  side,  the  temperatures  actually  observed,  and 
on  the  other  side  the  temperatures  at  which  water  would 
boil,  taking  into  account  both  the  pressure  of  the  atmo- 
aphere  and  of  the  supcriucumbent  colnnin  of  water.  The 
nearest  approach  to  the  Iwiling  poiut  is  at  a,  thirty  feet 
from  the  bottom:  but  even  here  the  water-is  2' Centigrade, 
or  more  than  3^'  Fahr.,  below  the  temperature  at  which  it 
could  boil.  How  then  is  it  possible  that  au  eruption  could 
occur  under  such  circumstances? 

( 146)  Fix  your  attention  upon  the  water  at  the  point  A, 
where  the  temperature  is  within  2°  C.  of  the  boiling  point. 
Call  to  luind  the  lifting  of  the  column  when  the  detona-  . 
lions  are  hearil.  Let  us  suppose  that  by  the  eutraoce  of 
steam  from  the  ducts  near  the  bottom  of  the  tube,  the 
geysut  column  is  elevated  six  feet,  a  height  quite  within 
the  limita  of  actual  observation  ;  the  water  at  A  is  thereby 
transferred  to  B.  Its  boiliug  point  at  A  is  123-8°,  and  its 
uctual  temperature  1 21  tC;  but  at  B  its  boiling  point  is  only 

1 20'8° ;  hence,  when  trunsferred  from  A  to  b.  the  heat 
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which  it  poBsesaes  is  in  excess  of  that  neceBsary  to  make  it 
boil.  This  excess  of  heat  is  instantly  applied  to  the  gene- 
ration of  steam :  the  column  is  lifted  higher,  and  the  water 


below  is  further  relieved.  More  steam  is  generated ;  from 
the  middle  downwards  the  mass  suddenly  bursts  into 
ebullition ;  tlie  water  above,  mixed  with  ateam -clouds,  it- 
projected  into  the  atmosphere,  and  we  have  the  geyser 
eruption  in  all  its  grandeur. 

(147)  Py  its  contact  with  the  air  the  water  is  cooled, 
falls  back  into  the  basin,  partially  refills  the  tube,  in  which 
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it  gradually  rises,  and  finally  fills  the  basin  as  before, 
Detonatiann  are  beard  at  intervals,  and  rixings  of  the  water 
in  tlie  basin.  These  are  ho  many  futile  attempts  at  an 
eruption,  for  not  until  the  water  in  the  tube  comes  suffi- 
ciently near  its  boiling  temperature  to  make  the  lifting  of 
the  column  effective,  can  we  have  a  true  eruptioti. 

(148)  To  the  celebrated  Buuseu  we  owe  this  beautifiil 
theory,  and  now  let  us  try  to  justify  it  by  experiment- 
Here  is  a  tube  of  galvanised  iron,  six  feet  long,  a  b  (fig,  38), 
surmounted  by  a  basin,  c  ».  It  is  heated  by  a  fire  under- 
neath; and,  to  imitate  a^  far  as  possible  the  condition  of 
the  geyser,  the  tube  is  encircled  by  a  second  fire,  F,  at  a 
height  of  two  feet  from  the  bottom.  Doubtless  the  high 
temperature  of  the  water,  at  the  corresponding  part  of  the 
geyser  tube,  is  due  to  a  local  action  of  the  heated  rocks. 
The  tube  is  filled  with  water,  which  gradually  becomes 
heated;  and  regularly,  every  five  minutes,  the  liquid  is 
ejected  into  the  atmosphere. 

(149)  There  is  another  famous  spring  in  Iceland,  called 
the  Strokkur,  which  is  usually  forced  to  explode  by  stop- 
ping its  mouth  with  clods.  We  can  imitate  the  action 
of  this  spring  by  thus  stopping  the  mouth  of  our  tube 
A  B  with  a  cork.  And  now  the  heating  progresses.  The 
steam  below  will  finally  attain  sufficient  tension  to  eject 
the  cork,  and  Iha  water,  suddenly  relieved  from  the  pres- 
sure, will  burst  forth  in  the  atmosphere.  The  ceiling  of 
this  room  is  nearly  thirty  feet  from  the  floor,  but  the 
eruption  has  reiiched  the  ceiling,  from  which  the  water 
now  drips  plentifully.  In  fig.  39  is  given  a  section  of  the 
Strokkur. 

(150)  By  stopping  our  model  geyser-tube  with  corks, 
through  which  glass  tubes  of  various  lengths  arid  diameters 
pass,  the  action  of  many  of  the  other  eruptive  springs  may 
be  accurately  imitated.  We  can  readily,  for  example, 
produce  an  intermittent  action;  discharges  of  water,  and 
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impetuous  steam-gushes  follow  each  other  in  quick  succes- 
sion, the  water  being  squirted  in  jeta  fifteen  or  twenty  feet 
high.  These  experiments  provethat  the  „,^    ,q 

gej-aer  tube  itself  is  the  sufficient  cause 
of  the  eruptions,  and  we  are  relieved 
from  the  necessity  of  imi^ning  under- 
ground caverns  filled  with  water  and 
steam,  which  were  formerly  regarded 
se  necessary  to  the  production  of  these 
wonderful  phenomena. 

(151)  A  moment's  reflection  will 
suggest  to  you  that  there  must  be  a 
limit  to  the  operations  of  the  geyser. 
When  the  tube  has  reached  such  au 
altitude  that  the  water  in  the  depths 
below,  owing  to  the  increased  pressure, 
cannot  attain  its  boiliug  point,  the 
eruptions  of  necessity  cease.  The 
spring,  however,  continues  to  deposit 
its  silica,  and  often  forma  a  Laug,  or 
cistern.  Some  of  those  in  Iceland  are  forty  feet  deep.  Their 
beauty,  according  to  Bunsen,  is  iudescribable ;  over  the  sur- 
fcce  curie  a  light  vapour,  the  water  is  of  the  purest  aznre, 
and  tints  with  its  own  hue  the  fantastic  incrustations  on  the 
cistern  walls ;  while,  at  the  bottom,  is  often  seen  the  moutli 
of  the  once  mighty  geyser.  There  are  also  in  Iceland  traces 
of  vast,  but  now  extinct,  geyser  operations.  Mounds  are 
observed,  whose  shafts  are  filled  with  rubbish,  the  water 
having  forced  a  passage  underneath  and  retired  to  other 
scenes  of  action.  We  have,  in  fact,  the  geyser  in  its  youth, 
manhood,  old  age,  and  death,  here  presented  to  us.  In  iU 
youth, as  a  simple  thermal  spring;  in  its  manhood,  as  the 
eruptive  column ;  In  its  old  age,  as  the  tranquil  Laui/i  while 
its  death  is  recorded  by  the  ruined  shaft  and  forsaken 
mound,  which  testify  the  fact  of  its  once  active  existence. 
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it  gradually  rises,  and  finally  filti 
Detonations  are  heard  at  iiit^rvals, 
JD  the  basin.     These  are  so  mar 
eruption,  for  not  until  the  water 
ciently  near  ita  boiling  temperr 
the  column  effective,  can  we  !■ 

(148)  To  the  celebrated  I 
theory,  and  now  let  us  tiy 
Here  is  a  tube  of  galvanisr 
Burinouuted  by  a  baisin,  c 
neath ;  and,  to  imitate 
the  geyser,  the  tube  i- 
height  of  twii  feet  fi'r 
temperature  of  the  ' 
geyser  tube,  is  due 
The  tube  is  fille- 
heated ;  and   re' 


ejected  into  th' 

(149)  Ther 
the  Strokkii 
ping  its  ni' 
of  this  spi 
A  B  with 
steam  ' 


iilioult  expedition   is   under- 

Vlps,   the  experienced  moun- 

■y  at  a  slow  pace,  so  that  when 

ives,  he  may  find  himseSf  hard- 

-d  by  his  previous  work.     Vi'e,  to- 

>2r  on  a  difficult  euterprise.    Let  us 

Mine  spirit;  not  with  a  fiush  of  en- 

.Lfour  will  extinguish,  but  with  patient 

hearte,  which  will  not  recoil   should  a 


thif 


eadweigbt,you  observe, ia  attached  to  a  string 

over  a  pulley  at  the  top  of  the  room.  We  know 

.asQi  and  the  weight  are  mutually  attractive; 

lit  now  rests  upon  the  earth,  and  exerts  a  cer- 

aawre  upon  its  surface.     The  earth  and  the  weight 

lUeh,  tach  other ;  tlieir  mutual  attractions  are  aa  far 

^■Buble  satisfied,  and  motion,  by  their  mutual  approach, 

longer  possible.     As  far  as  the  attraction  of  gravity 

iQcemed,  the  possibility  of  producing  motion  ceaKes, 

on  as  the  two  attracting  bodies  are  actually  in  contai 
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)  I  draw  lip  tLia  weight.     It  is  now  etispended  at  a 

;  of  sixteen  feet  above  the  floor,  where  it  remains 

^tionJess  as  when  it  rested  oa  tlie  floor ;  but,  by 

!  between  the  floor  and  it,  I  entirely 

dition  of  the  weight.     By  raining  it,  I  have 

nt  a  motion-producing  power.     There  is 

■possible  to  the  weight,  which  was  not  pos- 

rrested  Tipon  the  earth ;  it  ca7i  /all,  and,  in 

,  can  turn  a  machine,  or  perform  other  work. 

ploy  the  useful  and  appropriate  term  energy 

e  power  of  performing  work ;  we  might  then 

e  the  term  possible  erterg}/,  to  express  the  power 

an,   which  our   drawn-up   weight   poBsesses,   hut 

b  has  not  yet  been  exercised  by  falling ;  or  we  might 

call   it  'potential   energy,'  aa  some  eminent  men  have 

already  done.      This  potential  energy  is  derived,  in  the 

case  before   ua,   from    the   pull    of  gravity,  which  pull, 

however,  has  not  yet  resulted  in  motion.     But  I  now  let 

the  string  go;  the  weight  falls,  and  reaches  the  earth's 

I   Burface  with  a  velocity  of  thirty-two  feet  a  second.     At 

I  every  moment  of  its  descent  it  was  pulled  down  by  gravity, 

[  and  its  final  moving  force  is  the  summation  of  tlie  pulls. 

I  While  in  the  act  of  falling,  the  energy  of  the  weight  is 

I  active.     It  may  be  called  actual  energy,  in  antithesis  to 

I  poeaihle',  or  it  may  be  called  dynamic  energy,  in  autitbe- 

I  BIB  to  potentml,  or  we  might  call  the  energy  with  which 

I  the  weight  descends  moving  force.     The  great  thing,  now, 

I JB  tA  be  able  to  distinguish  energy  in  ntore  from  energy  in 

I  option.     Ouce  for  all,  then,  let  us  take  the  terms  of  Mr. 

I  Hankine,  and  call  the  energy  in  store  '  potential,'  and  the 

ft^net^  in  action  'actual.'*     If,  after  this,  I  should  use 


>  HcbiboltE  in  bit  adiqirable  t 
hlMTl.  dmdtd  all  energy  into  ten 
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the  terms  'possible  energy,'  or  'dynamic  energy,'  or 
'moving  force,'  you  will  have  no  difficulty  in  affixing  tiie 
exact  idea  to  these  terms. 

(155)  Our  weight  started  from  a  height  of  sixteen  feet ; 
let  us  fix  our  attention  upon  it,  After  it  has  accomplished 
the  first  foot  of  its  fall.  The  total  pull,  if  I  may  use  the 
term,  to  be  expended  on  it,  has  been  then  diminished  by 
the  amount  expended  in  its  passing  through  the  first  foot. 
At  the  height  of  fifteen  feet  it  has  one  foot  less  of  potential 
energy  than  it  possessed  at  the  height  of  sixteen  feet, 
but  at  the  height  of  fifteen  feet  it  ha^  an  equivalent 
amount  of  dynamic  or  actual  energy,  which,  if  reversed  in 
direction,  would  raise  it  again  to  its  primitive  height. 
Hence,  as  potential  energy  disappears,  actual  energy 
cornea  into  play.  Throughout  the  vnivei'se,  the  sum  of 
these  two  energies  is  constant.  To  create  or  annihilate 
energy  is  as  impossible  as  to  create  or  annihilate  matter ; 
and  all  the  phenomena  of  the  material  universe  consist 
in  transformations  of  energy  alone.  The  principle  here 
enunciated  is  called  the  law  of  the  conaen^vation  of 
energy. 

(156)  It  is  as  yet  too  early  to  refer  to  organic  processes, 
but  could  we  have  observed  the  molecular  condition  of  my 
arm  as  I  drew  up  that  weight,  it  would  have  been  seen  thai 
in  accomplishing  this  mechanical  act,  an  equivalent  amount 
of  some  other  form  of  energy  was  consumed.  That  energy, 
we  shall  afterwards  learn,  ia  heat.  If  the  weight  were 
raised  by  a  steam-engine,  a  portion  of  heat  would  also  dis- 
appear, exactly  equivalent  to  the  work  dune.  The  weight  is 
about  a  pound,  and  to  raise  it  sixteen  feet  would  consume 
as  much  heat  as  would  raise  the  temperature  of  a  cubic 
foot  of  air  about  1°  F.  Conversely,  this  quantity  of  beat 
would  be  generated  by  the  falling  of  the  weight  from  a 
height  of  sixteen  feet. 

(157)  lit.  is  easy   to  see  that,   if  the  force  of  gravity 
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were  iramensely  greater  than  it  is.  an  immensely  greater 
ainuuat  of  heat  would  Lave  to  be  expended,  iu  raiaing  the 
weifjht.  The  greater  the  attraction,  the  greater  would 
be  the  amount  of  heat  necessary  to  overcome  it ;  but  con- 
versely, the  greater  would  be  the  amount  of  heat  which  a 
I  fitlling  body  would  then  develope  by  its  collision  with  the 


^»  (158)  We  must  turn  these  conceptioBS,  regarding 
*  Aeosible  masses,  to  account,  in  forming  conceptions  re- 
garding insensible  masses.  As  an  intellectual  act,  it  is 
f|uite  as  easy  to  conceive  the  separation  of  two  mutually 
attracting  atoms,  as  to  conceive  the  separation  of  the  earth 
and  weight  We  have  already  had  occasion  to  refer  to  the 
intensity  of  molecular  forces,  and  here  we  must  return  to 
the  subject.  Closely  locked  together  as  they  are.  the  atoms 
of  bodies,  though  we  cannot  suppose  them  to  be  in  contact, 
exert  enormous  attractions.  It  would  require  an  almost 
incredible  amount  of  ordinary  mechanical  force  to  widen 
the  distances  intervening  between  the  atoms  of  any  solid 
or  liquid,  so  as  to  iacrease  its  volume  in  any  sensible 
degree.  It  would  alsci  require  a  force  of  great  magnitude 
i<>  squeeze  the  particles  of  a  liquid  or  solid  together,  so  as 
Ui  uiitke  the  body  sensibly  less  in  size.  I  have  vainly 
tried  to  augment  permanently  the  density  of  a  soft  metal 
by  pressure.  Water,  which  yields  so  freely  to  the  hand 
plunged  in  it,  was  for  a  long  time  regarded  as  absolutely 
incompreasible.  (rreat  force  was  brought  to  bejir  upon  it ; 
but  sooner  than   shrink,  it  oozed  through  the  pores  of 

ktfae  metal  vessel  which  contained  it,  and  spread  like  a  dew 
bo  the  Burface."     By  refined  and  powerful  means  we  can 

*  I  hare  tn  ihiuik  mj  Tripad,  Ur.  Spoddiag,  far  tils  following  exiriktt  in 
teterraee  to  lhi»  experiment : — 

■  Nov  it  ii  ccrtAJn  ihnl  rarer  bodies  (such  a*  lir)  allow  s  ronnidernlile 

•Ir^no  of  twnlrartioD.  as  hus  bivii  staled  ;  but  Ihat  taogible  budies  (aucb  u 

,       WMpr)  mffrr  coropreseion  with  much  greater  difflciiltj  and  to  it  leis  utrnt. 

~  X  thpy  do  anffiT  il,  I  havo  investigated,  in  thf  following  psprrimunt  i 
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now  compress  water,  Imt  tbe  force  necessary  to  accomplish 
this  ie  very  great.  When,  therefore,  we  wish  to  overcome 
molecular  forces,  we  must  attack  them  by  their  peers. 
Heat  accomplishes  what  mechanical  energy,  as  generally 
wielded,  ia  incompetent  to  perform.  Bodies,  when  heated, 
expand,  and  to  eflfect  this  expansion  their  molecular 
attractions  must  be  overcome;  and  where  tbe  attractions 
to  be  surmounted  are  so  vast,  we  may  infer  that  the 
quantity  of  heat  necessary  to  overpower  them  will  be 
com  raenfiu  rate. 

(159)  And  now  I  must  ask  your  entire  attention- 
Suppose  a  certain  amount  of  heat  to  be  imparted  to 
this  lump  of  lead,  how  is  that  heat  disposed  of  within 
the  substance  ?  It  ia  applied  to  two  distinct  purposes 
— it  performs  two  different  kinds  of  work,  One  portion 
of  it  excites  that  species  of  motion  which  augments  the 
temperature  of  the  lead,  and  which  is  sensible  to  the 
thermometer;    hut  another  portion  of  it   goes  to   force 

I  bad  B  hollow  globe  of  lead  miide  capable  of  holding  about  two  pinta,  and 
sufHciputly  thick  to  bear  cooaidrrabla  force ;  having  made  n  hols  in  it,  1 
flilnl  it  with  water,  and  than  atappwi  ap  the  hole  with  mclte>d  lead.  «>  that 
the  globe  became  qoite  solid.  I  then  flutlenFd  tbe  two  opposite  aides  of  the 
globe  with  a  heavy  hammer,  by  which  the  water  was  neceasarily  contracted 
into  less  space,  b  sphere  being  the  figure  of  largost  capacity  ;  and  wh«a 
tbe  hammering  had  no  more  effect  in  making  the  water  shrink,  1  mtide  use 
of  a  mill  or  press;  till  the  water,  impatient  of  fiirther  proHSure,  einded 
through  the  solid  lead  liko  n  fine  dew.  I  then  computed  Ihe  space  lost  bj- 
the  compression,  and  concluded  that  this  was  the  extent  of  compression 
which  the  water  had  snfferfd,  hut  only  when  conBtrained  by  great  violence.' 
(Bacon's  'NoTnmOrganum,' published  in  IStJO;  vol.  It.  p.  209  of  the  trans- 
lation.) NotehjB.  LealieEUis,  vol.  i.  p.  32*:— -This  is  perhaps  the  mosl 
remarkable  of  Bacon's  eiperiments,  and  it  is  singidar  that  it  w»«  so  littlr- 
dpoken  of  bjeubaequeut  writers.  Nearly  fidy  ycors  after  the  production  of 
the  "  Novum  Organum,"  an  accoont  of  a  similar  eiporiment  was  published  by 
Mi-gnlotti,  who  wa*  secretary  of  the  Acaderaia  del  Cimento  at  Florence ; 
and  it  has  since  been  familiarly  known  as  the  Floroatino  oiporiment.' 

It  is  to  be  remembered  that  LeibnilA  (Nouveaux  Efisaie),  in  mentioning 
tiie  Florentine  experiment,  says  that  the  globe  wna  of  gold  Tp.  219.  Erd- 
'le  Florentine  academiciima  exprepsly  eny  why  they  pr^  • 
b«ither  gold  orliud. 
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the  atoms  of  lead  into  new  positions,  and  this  portion  is 
tout  (IS  lif.af.  The  pushing  asunder  of  the  atoms  of  the 
lead  in  this  case,  in  opposition  to  their  mutual  attractions, 
18  exactly  analogous  to  the  raising  of  our  weight  in  op- 
position to  Ibe  force  of  gravity,  a  loss  of  heat,  in  both 
cases,  being  the  result.  Let  me  try  to  make  the  comparison 
lietween  the  two  actions  still  more  strict.  Suppose  that 
A  definite  amount  of  force  is  to  be  expended  upon  our 
weight,  and  that  this  force  is  divided  into  two  portioua, 
one  of  which  is  devoted  to  the  actual  raising  of  the  weight, 
while  the  other  is  employed  to  cause  the  weight,  as 
it  aacends,  to  oscillate  like  a  pendulum,  and  to  oscillate, 
moreover,  with  gradually  augmented  width  and  rapidity : 
we  have,  then,  the  analogue  of  that  which  occurs  when 
heat  is  imparted  to  the  lead.  The  atoms  are  pusher! 
apart,  but,  during  their  recession,  they  vibrate  with  gradu- 
ally augmented  intensity.  Thus,  the  heatcommunicat<.Hlto 
the  lead, resolves  itself,  in  part,  into  atomic  potential  energy, 
and  in  part  into  actual  energy,  which  may  be  regarded  as 
a  kind  of  atomic  music,  the  musical  part  alone  being  com- 
petent to  act  upon  our  thermometers  or  to  affect  our  nerves. 

(160)  Tn  this  case,  then,  the  heat  not  only  imparts 
actual  energy  to  the  vibrating  atoms,  but  also  accom- 
plishes what  we  may  call  interior  vjorki*  it  performs 
work  within  the  body  heated,  by  forcing  its  particles  to 
take  up  new  positious.  When  the  body  cools,  the  forces 
which  were  overcome  in  the  process  of  heating  come  into 
play ;  the  heat  which  was  consumed  in  the  recession  of 
the  atoms  being  restored  upon  their  approach. 

(161 )  Cbemipts  have  determined  the  relative  weights  of 
the  atoms  of  diiferent  substances.  Calling  the  weight  of  a 
hydrogen  atom  1,  the  weight  of  an  oxygen  atom  is  Ifi. 
Hence,  to  make  up  a  pound  weight  of  hydrogen,  sixteen 
times  the  nnmber  of  atoms  contained  in  a  pound  of  oxygen 

^B  *  8m  the  eiccllf  at  mrmuira  of  Clnusius  in  tlie  PbilcMopliiul  ilajnaine. 
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would  be  necessary.  The  number  of  atoms  required  to 
make  up  a  pound  is,  evidently,  inversely  prnportional  to 

the  atomic  weight.  We  here  approach  a  very  delicate  and 
important  point.  The  experiments  of  Dulong  and  Petit, 
and  of  Mil.  Eegoault  and  Neumann,  render  it  extremely 
probable,  that  all  elementary  atoms,  great  or  small,  light 
or  lieavy,  when  at  the  same  temperature,  possesa  the 
same  amoimt  of  the  energy  we  call  heat,  the  lighter 
atoms  making  good  by  velocity  what  they  want  in  mass. 
Thus,  each  atom  of  hydrogen  has  the  same  moving  energy 
as  an  atom  of  oxygen,  at  the  same  temperature.  But, 
inasmuch  as  a  pound  weight  of  hydrogen  contains  sixteen 
times  the  number  of  atoms,  it  must  also  contain  sixteen 
times  the  amount  of  beat  possessed  by  a  pound  of  oxygen, 
at  the  same  temperature. 

(162)  From  this  it  follows,  that  to  raise  a  pound  of 
hydrogen  a  certain  number  of  degi'ees  in  temperature — 
say  from  50°  to  60° — would  require  sixteen  times  the 
amount  of  beat,  needed  by  a  pound  of  oxygen,  under  the 
same  circumstances.  Conversely,  a  pound  of  hydrogen, 
in  falling  through  10°,  woidd  yield  sixteen  times  the 
amount  of  heat  yielded  by  a  pound  of  oxygen  in  falling 
through  the  same  number  of  degrees.  The  atomic  weight 
of  nitrogen  being  14,  the  same  reasoning  leads  to  the  con- 
clusion, that  a  pound  of  hydrogen  contains  fourteen  times 
the  amount  of  heat  contained  by  a  pound  of  nitrogen. 
This  conclusion,  as  we  shall  immediately  learn,  is  verified 
by  experiment. 

(163)  In  oxygen  and  hydrogen  we  have  no  sensible 
'  interior  work'  to  be  performed  ;  there  are  no  molecular 
attractions  of  sensible  magnitude  to  be  overcome.  But 
in  solid  and  liquid  bodies,  besides  the  differences  due  to 
the  number  of  atoms  present  iu  the  unit  of  weight,  we 
have  also  differences,  due  to  the  consumption  of  heat  in 
interior  work.    Hence,  it  is  clear  that  the  absolute  amount*™ 
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of  beat,  which  different  bodies  possess,  are  uot  at  ail  de- 
clared by  their  tempera tu res.  To  raise  a  pound  of  water, 
'for  example,  one  d^ree,  would  require  thirty  times  the 
^amount  of  heat  necessary  to  raise  a  pound  of  mercury  one 
idc^ee.  Conversely,  the  pound  of  water,  in  falling  through 
^ODe  degree,  would  yield  thirty  times  the  amount  of  heat 
yielded  hy  the  pound  of  mercury, 

(164)  Let  me  illustrate,  by  a  simple  experiment,  the 
differences  which  esist  between  bodies,  as  to  the  quantity 
of  heat  which  they  contain.  Here  is  a  cake  of  bees-wax, 
six  inches  in  diameter  and  half  an  inch  thick.  Here  also 
U  a  vessel  containing  oil,  which  is  now  at  a  temperature 
of  180°  V.     la  the  hot  oil  are  Fm,  40 

immersed  a  number  of  balls  of 
different  metah  —  iron,  lead, 
bismuth,  tin,  and  copper.  At 
present  they  alt  possess  the 
nroe  temperature,  namely,  that  « 

of  the  oil.  I  lift  them  out  of 
th«  oil,  and  place  them  upon  j 

tliia  eake  of  wax  c  d  (tig.  4t)). 
which  is  supported  hy  the  ring 
of  a  retort-stand ;  they  melt 
the  wax  underneath,  and  sink 
in  it.     But   they  are   sinking 

with  different  velocities.  The  iron  and  the  copper  are 
working  themselves  much  more  vigorously  into  the  fusible 
mass  than  the  others;  the  tin  comes  next,  while  the  lead 
ftod  the  bismuth  lag  entirely  behind.  And  now  the  iron 
iaa  gone  clean  through ;  the  copper  follows;  the  bottom  of 
the  tin  ball  juet  protrudes  from  the  lower  surface  of  the 
but  it  cannot  go  farther ;  while  the  lead  and  bismuth 
made  but  little  way,  being  unable  to  sink  to  much 
than  half  the  depth  of  the  wax. 
(105)  If,  then,  equal  weights  of  dilTt^rent  substances  were 
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all  heated,  say  to  100°,  and  if  the  exact  amount  of  heat 
which  each  of  them  gives  out  in  cooHug  from  100°  to 
0°  were  determined,  we  should  find  very  differeut  amounts 
of  heat  for  the  different  substancea.  Eminent  men  have 
aolved  this  problem,  by  observing  the  tima  which  a  borly 
re(\uires  to  cool.  Of  coui-se,  the  greater  the  amount  of  heat 
possessed  or  generated  by  its  atoms,  the  longer  would  the 
body  take  to  cool.  The  relative  quantities  of  heat  yielded 
up  by  different  bodies  have  also  been  determitied  by 
plunging  them,  when  heated,  into  cold  water,  and  observ- 
iiig  the  gain  of  heat  on  the  one  hand  and  the  loss  on  the 
other.  The  problem  has  also  been  solved,  by  observing 
the  quantities  of  ice  which  different  bodies  can  liquefy,  in 
falling  from  100°  C.  to  0°,  or  from  212°  Fahr.  to  32°. 
These  different  methods  have  given  concordant  resiilte, 
According  to  the  celebrated  French  experimenter  Reg- 
nault,  the  following  numbers  express  the  relative  amounts 
of  heat  given  out  by  a  unit  of  weight  of  each  of  the  sub- 
stances named  in  the  table,  in  cooling  from  98°  C.  to 
15°  C. 


Alnmtnlum      . 

02143 

Niokel 

0-1086 

Anlimonj 

11(1508 

Osmiam    . 

00311 

Arw-nie   .        . 

0-0814 

Pallndiam 

0(1S93 

Biamath  . 

(10308 

Phospboru*  (solid) 

0-1887 

Boron      .        . 

0'S3S-2 

..        («n.orpl,ou« 

O'lTOO 

0-1129 

Platimini 

0-0329 

Cadmium 

O'oea; 

FotaBaium 

O-IOIfi 

Cwhon    .        . 

0-24U 

Rhodicm 

0-0,^80 

Cobiik     . 

0-1067 

Selenium 

O-0B27 

Copper    .         . 

O'0S52 

Silimn      ,         , 

0-1774 

Dinmaod 

D-ue9 

SilTcr        -        . 

00571) 

Gold        .        , 

U-0321 

Sodium     . 

0-2934 

loliDf     . 

U-0541 

Sulplmr  (naliTdl 

0-1778 

Tiidiuni  . 

00828 

„  (recently- m<-llrd 

0-2026 

Iron       .       . 

0-1138 

Ti-lluriun. 

0-047* 

Lc«d 

0-03U 

Thallium  ,        . 

0035S 

lithium  .        , 

0-9408 

Tio  .        . 

0-0AS2 

*Ugm-»mm      . 

0-2499 

Timpten  .         . 

00334 

XuigiiiieitB 

0'1217 

Wilier 

1-0080 

HewdTy. 

n-0333 

ZiDi^ .        . 

0-09M 
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WA  moment's  iuHpection  of  this  table  explains  the  reason 
■why  tbe  iron  and  copper  Viiills  melted  through  the  wax ;  it 

rat  in  coneequenco  of  their  liigh  specific  heat,  while  the 
■lead  and  bismuth  balls  were  incompetent  to  do  so ;  it  will 

Iso  lie  seen  that  tin  here  occupies  the  position  which  our 
rariment  with  the  cake  of  wax  assigns  to  it ;  water,  we 

M,  yields  more  heat  than  any  other  substance  in  the 

(166)  Each  of  these  numbers  denotes  what  has  been 
lliitherto  called  the  'specific  heat,'  or  tbe  'capacity  for 
I  Ilea t,'  of  tliti  substance  to  which  it  is  attached.  As  stated 
I  4n  a  former  occasion,  those  who  considered  heat  to  be  a 
I  fluid,  explained  these  differences  by  saying  that  some  sub- 
I  stance  hnd  a  greater  store  of  this  fluid  than  others.      We 

tnay,  without  harm,  continue  to  use  the  term  'specific 
'  heat' or  '  capacity  f>»r  heat,' now  that  we  know  the  tnie 

a&ture  of  the  actions  denoted  by  ihf,  term.  It  is  a  note- 
I  Worthy  fact,  that  as  the  specific  heat  increases,  the  atomic 
'  veir/kt  diminishes,  and  vice  versa  ;  so  that  the  p^-oduct  of 
[  tbe  atomic  weight  and  specific  heat  is,  in  almost  all  coses, 
sibly  constant  quantity.  This  illustrates  a  remark 
fr  already  made,  that  the  lighter  atoms  make  good  by  velocity 
'  what  they  want  in  mass. 

(167)  The  magnitude  of  tbe  forces  engaged   in  this 
atomic  motion,  and  interior  work,  as  measured  by  any 

,  ardinary  mechanical  standard,  is  enormous.  This  pound 
f  iron,  on  lieing  heated  from  0°  C.  to    100°  C,  expands 

Wiry  about  ^^th  of  the  volume  which  it  possesses  at  0°. 

tits  augmentation  of  Tohime  would  certainly  escape  the 

ilDost  acute  eye;  still,  to  give  its  atoms  tbe  motion  cor- 
wponding  to  tliis  augmentation  of  temperature,  and  to 
ifaift  thorn  through  the  small  space  indicated,  an  amount 
f  heat  is  requisite  which  would  raise  about  eight  tons 
foot   high.      The   force  of  gravity  almost  vanishes 

K|n  comfhirison  with  these  molecular  forces  :   tbe  pull  of 
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the  earth  upon  the  pound  weight,  as  &  masB,  is  as 
nothing  compared  with  the  mutual  pull  of  its  own  mole- 
ciden.  Water  furnishes  a  still  subtler  example.  Water 
expands  on  both  sides  of  4°  C.  or  39°  F. ;  at  4°  C.  it  has 
its  maximum  density.  Suppuse  a  poimd  of  water  to  be 
heated  from  S^"  C.  to  4J°  C. — that  is,  one  degree — its 
volume  at  both  temperatures  is  the  same  ;  there  has  been 
no  forcing  asunder  whatever  of  the  atomic  centres,  and 
still,  though  the  volume  is  unchanged,  an  umount  of  heat 
has  been  imparted  to  the  water,  sufficient,  if  mechanically 
applied,  to  raise  a  weight  of  l,390lbB.  a  foot  high.  The 
interior  work,  done  here  by  the  heat,  is  simply  that  of 
causing  the  atoms  of  water  to  rotate.  It  separates  their 
attracting  poles  by  a  tangential  movement,  but  leaves  their 
centres  at  the  same  distance  asunder,  first  and  last.  The 
conceptions  here  dealt  with  may  not  be  easy  to  those  un- 
accustomed to  such  studies,  but  they  can  be  realised,  with 
perfect  clearness,  by  all  who  have  the  patience  to  dwell 
upon  them  for  a  sufficient  length  of  time. 

(168)  We  thus  see  that  there  are  descriptions  of  interior 
work,  different  from  that  of  pushing  the  atoms  more  widely 
apart.  An  enormous  quantity  of  interior  work  may  be 
accomplished,  while  the  atomic  centres,  instead  of  being 
pushed  apart,  approach  each  other.  Polar  forces — forces 
emanating  from  distinct  atomic  points,  and  acting  in  dis- 
tinct directions,  give  to  crystals  their  symmetry,  and  the 
overcoming  of  these  forces,  while  it  necessitates  a  consump- 
tion of  heat,  may  also  be  accompanied  by  a  diminution  of 
volume.  This  is  illustrated  by  the  deportment  of  both  ice 
and  bismuth  iu  liquefying. 

(169j  The  most  important  experiments  on  the  specific 
heat  of  elastic  fluids  we  owe  to  M.  Regnault.  He  deter- 
mined the  quantitiesof  heat  necessary  to  raise  equal  weiglits 
of  gases  and  vapours,  and  also  the  quantities  necessary  to 
raise  equal  volumes  of  them,  through  the  same  number  of 
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degrees.     CalHug  the  specllic   heut  of  water  1,  here  are 
some  of  the  results  of  this  invsluable  investigation — 


S[HFUi  Cues. 


EqUKl  wsLHtlta    Bi(iul  tc 


OiygMl 

Nitrogen 

Chlorine 
Bramiiie 


( 1 70}  We  Iiftve  already  arrived  at  the  conclusion  tliat, 
for  equal  weights,  hydrogen  would  be  found  to  possess 
Bixteen  times  tbe  amount  of  heat  possessed  by  oxygen, 
and  fourteen  times  that  of  nitrugen,  because  tbe  hydrogen 
eoDtaiiis  sixt«en  times  tbe  number  of  atoms,  in  the  one 
oiise,  and  fourteen  times  tbe  number,  in  the  other.  We 
here  find  this  concluiuon  verified  experimentally.  Equal 
volumes,  moreover,  of  all  these  guses  contain  the  same 
number  of  atoms,  and  bence  we  should  infer  that  the 
specific  beats  of  equal  volumes  ought  to  be  equal.  Tbey 
»re  very  nearly  so  for  oxygen,  nitrogen,  and  hydrogen; 
but  chlorine  and  bromine  differ  considerably  from  the 
other  elementary  gases.  Now  bromine  is  a  vapour,  and 
cbioriue  a  gas,  eafiily  liquefied  by  pressure ;  hence,  in  both 
these  oases,  tbe  mutual  attraction  of  the  atoms,  which  is 
insensible  in  oxygen,  nitrogen,  and  hydrogen,  re<}uirea  a 
rportion  of  beat  to  overcome  it.  The  specific  heats  of 
chlorine  and  bromine  at  equal  volumes  are,  therefore, 
higher. 

(171)   CerlaJn  simple  gases  unite  to  form  compound 

I  ones,  without  any  change  of  volume.  Thus,  one  volume  of 
chlorine  combines  with  one  volume  of  hydrogen,  to  form 
two  volumes  of  hydrocliloric  acid.  In  other  cases  the  act 
of  combination  is  accompiiuied  by  a  diminution  of  volume : 
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.  *^ 


thus,  two  volumea  of  nitrogen  combine  witli  one  of  ox3'gen 
to  form  two  volumea  of  the  protoxide  of  nitrogen.  By  the 
act  of  combination,  three  vohimes  have,  in  tliis  case,  been 
condensed  to  two.  M.  Regnault  finds  that  the  compound 
gaaea  formed  without  condensation,  have,  at  equal  volumes, 
the  same  specific  heat  as  oxygen,  nitrogen,  and  hydrogen ; 
while  with  these  which  change  the  volume  this  is  not  the 
case. 

Cl>MF01ISD  Ga9E15 — ^WITl 


Nitrio  oxide  .    0-1S2  02il  J 

CarboDic  oxide .  .     0'215  (l'237  J 

Hjdrodilorit;  add      .        .    0185  0>33fi  ' 

The  specific  heat  of  equal  volumea  of  these  compound 
gases  is  the  same  as  that  of  the  three  simple  gases  already 
mentioned. 


(172)         COMPOU.TO  GiS 


Carbonic  iLcii! 

Aqaeous  rapuur 
SulphuniuB  acid 
Sulphide  of  hydrogen 
Bisulphiiie  of  curboti 


I 


(173)  Here  we  find  the  specific  heats  of  equal  volumes 
neither  equal  to  those  of  the  elementary  gases,  nor  equal 
to  each  other.  It  is  worth  bearing  in  mind  that  the  specific 
heat  of  water  is  about  double  that  of  aqueous  vapour,  and 
also  double  that  of  ice. 

(174)  Comparing  equal  weights,  the  specific  heat  of 
water  being  1,  that  of  air  is  0'237.     Hence,  a  pound  of 
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water,  in  losing  one  degree  of  temperature,  would  warm 
ftboiit  4-2  lbs,  of  uir  one  degree.  But  water  is  770  times 
heavier  than  air;  benee, compariDg  eijunl  voliimea,&  cubic 
foot  of  water,  in  bising  one  degree  of  temperature,  would 
raise  770x4-2  =  3,234  cubic  feet  of  air  one  degree. 

(175)  The  vast  influence  which  the  ocean  must  exert,  as 
a  moderator  of  climate,  here  suggests  itself.  The  beat  of 
summer  in  stored  up  in  the  ocean,  and  tdowly  given  out 
during  the  winter.  Hence  one  cause  of  the  absence  of 
extremes  in  an  island  climate.  The  summer  of  the  island 
can  never  attain  the  fervid  beat  of  the  continental  summer, 
nor  Tan  the  winter  of  the  island  be  so  severe  as  the  conti- 
nental winter.  In  various  parts  of  tlie  Continent  fruits 
grow  which  our  summers  cannot  ripen;  but  in  these  same 
parts  onr  evergreens  are  unknown ;  they  cannot  live  through 
the  winter  cold.  Winter  in  Iceland  is,  as  a  general  rule, 
milder  than  in  Lombardy. 

(176)  We  have  hitherto  confined  our  att-ention  to  the 
heat  consumed  in  the  molecular  changes  of  solid  and  liquid 
bodies,  while  these  bodies  continue  solid  and  liquid.  We 
shall  now  direct  our  attention  to  the  phenomena  which 
accompany  cknngm  vf  Ifie  state  of  a-gijrftgation.  'ftTien 
sufHciently  heated,  a  solid  becomes  a  liquid;    and  when 

Bcieotly  heated,  a  liquid  assumes  the  form  of  gas.  Let 
take  the  case  of  ice,  and  trace  it  through  the  entire 
«ycle.  The  block  of  ice  before  you  has  now  a  temperature  of 
10°  C.  below  zero.  Let  ua  warm  it;  a  thermometer  fixed  in 
it  rises  to  0°,  and  at  this  point  the  ice  begins  to  melt ;  the 
thermoraetric  column,  which  rose  previously,  is  now  ar- 
rested ill  ita  mat-ck,  tiiul  becomes  perfectly  stationary.  The 
warmth  is  still  applied,  hut  there  is  no  augmentation  of 
temperature ;  and,  not  until  the  last  61m  of  ice  has  been 
om  the  bulb  of  the  thermometer,  does  tlie  mer- 
le iU  motion.     It  is  now  again  ascending;   it 
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reaches  30°,  60°,  100°:  here  steam-hubblea  appear  in  the 
liquid;  it  boils,  and  fi'om  this  point,  oQwardu,  Ihe  thet- 
ninmeter  remaiiie  stationary  at  100°. 

(1771  Biit  during  the  melting  of  the  ice,  and  durinn; 
the  evaporation  of  the  water,  heat  is  incessantly  commu- 
nicated: to  simply  liquefy  the  ice,  as  much  heat  k  im- 
parted as  wouid  raise  the  same  weight  of  water  79'4°  C,  or 
79'4  titnes  that  weight  oue  degree  in  temperature;  ami 
to  convert  a  pound  of  water  at  100°  C.  into  a  pound  of 
steam,  at  the  same  temperature,  537*2  times  as  much  heat 
is  required,  as  would  raise  a  pound  of  water  one  degree 
in  temperature.  The  former  number,  79'4°  C.  (or  143"  F.), 
represeuts  what  has  been  hitherto  called  the  latent  heat 
of  water;  and  the  latter  number,  537-2'' C,  (or  967°  F.),  re- 
presents the  latent  heat  of  steam.  It  was  manifest  to  those 
who  first  used  these  terms,  that  throughout  the  entire  time 
of  melting,  and  throughout  the  entire  time  of  boiling,  heat 
was  comunmicated ;  but  inasmuch  as  this  heat  was  nut 
revealed  by  the  thermometer,  the  fiction  was  invented  that 
it  was  rendered  latent.  The  fluid  of  heat  was  supposed  to 
hide  itself,  in  some  unknown  way,  in  the  interstitial  spaces 
of  the  water  and  the  steam.  According  to  our  present 
theory,  the  heat  expended  in  raeltiog  is  consumed  in  con- 
ferring potential  energy  upon  the  atoms.  It  is,  virtually, 
the  lifting  of  a  weight.  So,  likewise,  as  regards  steam,  the 
heat  is  consumed  in  pulling  the  liquid  molecules  asunder, 
conferring  upon  them  a  still  greater  amount  of  potential 
energy.  When  the  beat  is  withdrawn,  the  vapour  con- 
denses, the  moleculex  again  clash  with  a  dynamic  energy, 
equal  to  that  which  was  employed  to  separate  them,  and 
the  precise  quantity  of  heat  then  consumed  reappears. 

(178)  The  act  of  hquefaction  consists  of  interior  work — 
of  work  expended  in  moving  the  atoms  into  new  positions. 
The  act  of  vaporisation  is  also,  for  the  most  part,  interior 
work;  to  which  however  must  be  added  the  exterior  work 


cii*p.  V.       MECIIASICAI,    VAl.L'E    OK    UTEXT    HEAT.  H5 

of  forcing  back  the  atmogphere,  when  thfl  liquid  becomes 

(179")  We  are  imiflited  to  an  eminent  man  to  whom  I 
have  already  often  referred,  for  the  first  accurate  deter- 
oiinationa  of  the  ealuritic  power  of  fuel.  '  Knmford  esti- 
mated the  calorific  power  of  a  body  by  the  number  of  partf:, 
by  weight,  of  water,  which  one  part,  by  weight,  of  the  body 
would,  on  perfect  combustion,  raise  one  degree  in  tempera- 
lure.  Thus,  one  pouud  of  charcoal,  in  combining  with 
25  lbs.  of  oxygen,  to  form  carbonic  acid,  evolves  lieat  suffi- 
cient to  raise  the  temperature  of  about  8,000  Il>s,  of  watiT 
1°  C  Similarly,  one  pound  of  hydrogen,  in  combining 
with  eight  pounds  of  oxygen,  to  form  water,  generate'*  an 
amount  of  heiit  sufficient  to  raise  34,000  Ilis,  of  water  1°  C, 
The  calorific  powers,  therefore,  of  carbon  and  hydrogen 
are  as  8  :  34.' •  The  recent  retiued  researches  of  Favri? 
and  Silbermann  entirely  confirm  the  dotermi nations  of 
Knmford. 

( 1 80)  Let  us,  then,  fix  our  attention  upon  this  wonderful 
substance,  water,  and  trace  it  through  the  various  stages 
of  its  existence.  First,  we  have  its  constituents  as  fres 
atoms  of  oxygeu  and  hydrogen,  which  attract  each  other 
and  clash  together.  The  mechanical  value  of  this  atomic 
a«t  is  easily  determined.  The  heating  of  1  lb.  of  water 
1 "  0.  is  erinivalent  to  1 ,390  foot-pounds ;  hence  the  heating 
of  34,000  lbs.  of  water  1°  C.  is  equivalent  to34,000x  1,390 
foot-pounds.  We  thus  find  that  the  concussion  of  our  1  lb. 
of  hydrogen  with  8  lbs.  of  oxygen  is  equal,  in  mechanical 
value,  to  the  raising  of  forty-seven  million  pounds  one 
fiwt  high.  It  was  no  overstatement  which  affirmed  that 
the  force  of  gravity,  as  exerted  near  tlie  earth,  is  almost 
n  vanishing  qnatitily,  in  comparison  with  these  moje- 
cular  forces.  The  distJinces  which  separate  the  aiomg 
before  combination  are  so  small  as  to  be  utterly  iTiiui*;:;- 

^^  •  P«ny»  MBU!luiT;y,  p.  53. 
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Burable;  still,  it  is  in  passing  over  tliese  distances  that  the 
utoiiis  acquire  a  velocity,  sufficient  to  cause  tbem  to  clash 
with  the  tremendoiiB  energy  indicated  above. 

(181)  After  combioatinD,  the  substance  is  in  a  state  of 
vapour,  which  sinks  to  100°  C,  and  afterwards  condenses 
to  water.  In  tlie  tirst  instance,  the  atoms  fall  together  to 
form  the  compound ;  in  the  next  instant  the  molecules 
of  the  compound  fall  together,  to  form  a  liquid.  The 
mechanical  value  of  this  act  is  also  easily  calculated: 
9  lbs.  of  steam,  in  falling  to  wat^r,  generate  an  amount 
of  beat  sufficient  to  raise  537-2  x  9  =4,835  lbs.  of  water 
1°  C,  or  967  X  9  =  8,703  lbs.  1°  F.  Multiplying  the 
former  number  by  li-ISO,  or  the  tatter  by  772,  we  have, 
in  round  numbers,  a  product  of  6,720,000  foot-pounds,  as 
the  mechanical  value  of  the  mere  act  of  condensation.* 
The  next  great  fall  is  from  the  state  of  liquid  to  that 
of  ice,  and  the  mechanical  value  of  this  act  is  equal  to 
993,564  foot-pounds.  Thus,  our  9  lbs,  of  wat«r,  at  its 
origin  and  during  its  progress,  falls  down  three  great  preci- 
pices :  the  fiist  fall  is  equivalent,  in  energy,  to  the  descent 
of  a  ton  weight  down  a  precipice  22,320  feet  liigh ;  the 
second  fall  is  equal  to  that  of  a  ton  down  a  precipice  2,900 
feet  high ;  and  the  tliird  is  equal  to  the  fail  of  a  ton  down 
a  precipice  433  feet  high.  I  have  seen  the  wild  stone- 
avulanches  of  the  Alps,  which  smoke  and  thunder  down 
the  declivities,  with  a  vehemence  almost  sufficient  to  stun 
the  observer.  I  have  also  seen  snow-flakes  descending  bo 
softly,  as  not  to  hurt  the  fragile  spangles  of  which  they 
were  composed ;  yet  to  produce,  from  aqueous  vapour,  a 
quantity,  which  a  child  could  carry,  of  that  tender  material, 


•  In  Rntaianl'i  eaporimunt*  the  heal  of  condensation  was  inclnded  in  bin 
eslimnte  'A  ctiltiriflc  jKiwcr;  deducting  the  nbtirc  nuralitr  from  that  found 
for  the  chemi.'al  union  of  the  hjdrogen  and  oijgen,  forty  millimis  of  foot- 
pnnndi  vonld  still  retoain  ai  the  mecbanicat  value  of  the  act  of  a 
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demands  an  exertion  of  energy  competent  to  gather  up  the 
flhatter<^d  blocks  of  the  largest  stoue-ftvalanche  I  have  ever 
seeD,  and  pitch  them  to  twice  the  height  from  which  they 
fell. 

(182)  A  few  experimentnl  illustrationa  of  the  calorific 
effects  which  accompany  the  change  of  aggregation  will 
not  be  out  of  place  here.  I  place  the  thermo-electric 
pile  with  its  back  upon  the  table,  and  on  it8  naked  face 
thtH  thin  silver  fiasin,  B  (fig.  41),  which  contains  a 
quantity  of  water  slightly  warmed;  the  needle  of  the 
galvanometer  moves  to  90°,  and  remains  permanently 
deflected  at  70°.  I  now  put  a  little  powdered  nitre,  not 
more  th;in  will  cover  a  threepenny-piece,  in  the  basio, 
and  allow  it  to  dissolve.  The  nitre  was  previously  placed 
before  the  fire,  bo  that  not  only  was  the  liquid  warm, 
hut  ahsQ  the  solid  powder.     Observe  the  effect  of  their 

PiBUtture.  The  nitre  dissolves  in  the  watf-r;  and  to  pro- 
duce this  change,  all  the  heat  which  both  the  water  and 
the  nitre  possess,  in  excess  of  the  temperature  of  thin  room, 
is  consumed,  and,  indeed,  a  great  deal  more.  The  needle, 
you  see,  not  only  sinks  to  zero,  but  moves  strongly  up  at 
the  other  side,  showing  that  the  face  of  the  pile  is  now 
powerfully  chilled. 

(183)  Pouring  out  the  chilled  liquid,  and  replacing  it 
with  warm  water,  I  introduce  a  pinch  of  common  salt. 
The  needle  was  at  70°  when  the  salt  was  put  iu:  it  is 
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now  sinking,  it  reaches  zero,  and  moves  up  on  tbe  side 
which  indictites  cold.  But  the  action  is  not  at  all  so 
strong  aa  In  the  case  of  saltpetre.  As  regards  latent  heat, 
then,  we  have  differences  similar  to  those  which  we  have 
already  illustrated  aa  regards  specific  heat.  Putting  a 
little  sugar,  instead  of  salt,  in  the  water,  the  amount  of 
heat  absorbed  is  sensible;  the  liquid  is  chilled,  but  the 
amount  of  chilling  is  much  less  than  in  either  of  the 
former  cases.  Thus,  when  you  sweeten  your  hot  tea,  you 
cool  it  in  the  moat  philnsophical  manner ;  when  you  put 
salt  in  your  soup,  you  do  the  same ;  and  if  you  were  con- 
cerned with  the  act  of  cooling  alone,  and  careless  of  the 
flavour  of  your  snup,  you  might  hasten  its  refrigeration  by 
adding  to  it  saltpetre. 

(184)  On  a  former  occasion  a  mixture  of  pounded  ice 
and  salt  was  employed  to  obtain  intense  cold.  Both  the 
Bait  and  the  ice,  when  they  are  thus  mixed  together,  change 
their  state  of  aggregation,  and,  as  a  consequence,  the  tem- 
perature of  the  mixture  sinks  many  degrees  below  the 
freezing  point  of  water.  Here  is  a  nest  of  watch-glasses 
wrapped  iu  tin  foil,  and  immersed  in  a  mixture  of  ice  and 
salt.  Into  each  watch-glass  was  poured  a  little  water, 
in  which  the  next  glass  rested.  They  are  now  all  frozen 
together  to  a  solid  cylinder,  by  the  cold  of  this  mixture 
of  ice  and  salt. 

(185)  I  will  now  reverse  the  process,  and  endeavour  to 
show  you  the  heat  developed,  in  passing  from  the  liquid  to 
the  solid  state.  But  first  let  me  show  you  that  heat  is 
rendered  latent,  when  sulphate  of  soda  is  dissolved.  Test- 
ing tbe  substance  as  the  nitre  was  tested,  you  see  that  as 
the  crystals  melt  in  the  water  the  pile  is  chilled.  And  now 
for  the  complementary  experiment.  This  large  glass  ves- 
sel, B  (fig.  42),  with  its  long  neck,  is  filled  with  a  solution 
of  sulphate  of  soda.  Yesterday,  my  assistant  dissolved  tbe 
substance  in  a  pan  over  our  laboratory  fire,  and  filled  this 
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bottle  with  the  solution.     He  then  covered  the  top  care- 
fully with  a  piece  of  hladder,  and 
placed    the    buttle    behind    this  v,„.  ti. 

I  table,  where  it  haa  remuined  un- 

I  disturbed  throughout  the   night. 

■  The    liquid    is,    at    the    present 

I  moment,  supersaturated  with  sul- 

I  |)liate  of  Moda.     When  the  water 

■•was  hot,  it  melted  more  than  it 
»uld  melt  when  cold ;  but  now  | 
!  temperature  has  sunk  much  ' 

I.  lower    than    that    which    cor 

I  Bponds  to  the  point  of  Ratu ration. 

I  ThiB  state  of  things   is   secured 

,   by  keeping  the  oolutiou  perfectly 
■till, and  periuittingnothing  to  fall 

'  into  it.  Water,  kept  thus  still, 
may  be  cooled  many  degrees  below  its  freezinji  point. 
8ome  of  you  may  have  noticed  the  water  in  your  jugs, 
after  a  cold  wiuter  night,  suddenly  freeze,  on  being 
poured  out  in  the  morning.  In  cold  climatea  this  is 
Dot  uncommon.  The  particles  of  Rulpliate  of  soda,  in 
this  solution,  are  on  the  brink  of  a  precipice,  and  may 
be  pushed  over  it,  by  simply  dropping  a  small  crystal  of 
the  substance,  not  larger  than  a  grain  of  sand,  into  the 
solution.  Observe  what  takes  place — the  bottle  now  con- 
tains a  clear  liquid;  I  drop  the  bit  of  crystal  in,  it  doea 
not  sink ;  the  molecules  have  closed  round  it,  to  form  a 
solid,  in  which  it  is  now  embedded.  The  passage  of  the 
atoms  from  a  state  of  freedom  to  a  state  of  bondage  goes 
on  unite  gradually:  you  see  the  soliditicatiou  extending 
down  the  neck  of  the  bottle.  The  naked  face  of  the 
thermo-electric  pile  rests  against  the  convex  surface  of 
the  buttle,  and  the  needle  of  the  galvanometer  points 
to  zero.    The  process  of  crystallisation  has  not  yet  reached 
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the  liquid  in  front  of  the  pile,  but  you  see  it  approacbisg; 
The  salt  Ir  now  Buli(l)6e<l  opposite  the  pile,  anri  mark  titer 
effect.  The  atoms,  iu  falling  to  the  solid  ioriu,  develope 
heat;  thia  heat  commuDicates  itself  to  the  glass  envelope, 
which,  in  its  turn,  warms  the  pile,  and  the  needle,  as  you 
aee,  flies  to  90°.  The  quantity  of  heat  thus  rendered 
sensible  by  solidification  is  exactly  equal  to  that  which  was 
rendered  latent  by  liquefaction. 

(186)  We  have,  in  these  experiments,  dealt  with  the 
latent  heat  of  liquids ;  let  rae  now  direct  your  attention  to 
a  few  experiments  illustrative  of  what  has  been  called  the 
latent  heat  of  vapours — in  other  words,  the  heat  consiimed 
in  conferring  potential  energy,  when  a  hotly  pasaea  from 
the  liquid  to  the  gaseous  state.  As  before,  the  pile  is 
laid  upon  its  back,  with  its  naked  face  upwards ;  on  thin 
face  is  placed  the  silver  basin  already  used,  and  which 
now  contains  a  small  quantity  of  a  volatile  liquid,  pur- 
posely warmed.  The  needle  moves,  indicating  heat.  But 
scarcely  has  it  attained  90°,  when  it  turns  promptly,  de- 
scends to  0°,  and  flies  up  with  violence  ou  the  side  of 
cold.  The  liqnid  here  used  is  sidphuric  ether ;  it  is  very 
volatile,  and  the  speed  of  its  evaporation  is  such,  that  it 
consumes  rapidly  the  heat  at  iirst  communicated  to  it,  and 
then  abstracts  heat  from  the  face  of  the  pile.  I  remove 
the  ether,  and  supply  its  place  by  alcohol,  slightly  warm  ; 
the  needle,  as  before,  ascends  on  the  side  of  heat.  By 
these  small  bellows  we  can  promote  the  evaporation  of  the 
alcohol;  you  see  the  needle  descending,  and  now  it  is  up  at 
90°  on  the  side  of  cold.  Water  is  not  nearly  so  volatile  as 
alcohol ;  still,  with  this  arrangement,  the  absorption  of  heat 
by  the  evaporation  of  water  may  be  shown.  We  use  some- 
times nngiazed  pottery  for  holding  water,  which  admits  of  u 
slight  percolation  of  the  liquid,  and  thus  causes  a  dewiness 
on  the  external  surface.  From  that  surface  evaporation 
goes  on,  and  the  heat  necessary  for  this  molecular  work. 


I 


LATKKT    HEAT   (iF    VAPOrHS. 


.-I 


being  drawn  in  great  part  from  the  water  within,  keeps  it 
cool.     iJiitter-cijolers  are  made  on  the  same  principle. 

(187)  The  extent  to  which  refrigeration  way  be  earriwi 
by  the  evaporation  of  water  is  Illustrated  by  the  fact  that 
water  may  be  frozen,  through  the  simple  abstraction  of 
heat  by  its  own  vapour.  The  instnnoent  which  effects 
this  is  called  a  cryophorus,  or  ice-carrier,  which  was 
inventud  by  Dr.  Wollaston.  It  Is  made  in  this  way — 
a  little  water  is  put  into  one  of  these  bulbs,  A  (hg.  -W); 
the  other  bulb,  b,  white  softened  by  heat,  had  a  tube 
drawn  out  from  it,  with  a  minute  aperture  at  the  end, 
The  Water  was  boiled  in  a,  and  steam  was  produced,  until 
it  had  chased  all  the  air  away  through  the  small  aperture 
in  the  distant  bulb.   When  the  bulbs,  and  couiiecting  tube. 


were  filled  with  pure  steam,  the  small  orifice  was  sealed 
with  u  blowpipe.  Here,  then,  we  have  water  and  its 
vapour,  with  scarcely  a  trace  of  air.  Yuu  hear  how  the 
liquid  ringii,  exactly  as  it  did  iu  the  case  of  the  water- 
hammer. 

(1S8)  I  turn  all  the  liquid  into  one  bulb.  A,  which  is 
dipped  into  an  empty  glass,  to  protect  it  from  air  currents. 
The  empty  bulb,  a,  is  plunged  into  a  freezing  mixture; 
thus,  the  vapour  which  escapes  from  the  liquid  in  the  bulb 
A,  ifl  oondensed,  by  the  cold,  to  water  iu  B.  This  condensu' 
tion  permits  of  the  formation  of  new  quantities  of  vapour. 
I  As  the  evaporation  continues,  the  water  which  supplies  the 
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vapour  becomes  more  aini  more  chilled.  In  a  quarter  of 
an  hour,  or  twenty  miDutes,  it  will  be  converted  into  a  cake 
of  ice.  Here,  in  fact,  is  the  opalescent  solid,  formed  in  a 
second  instrument,  which  wati  set  in  action  about  half  an 
hour  ago.  The  whole  process  of  refrigeration  consists  in 
the  uncompensated  transfer  of  atomic  motion  from  the  one 
bulb  to  tlje  other. 

{189}  But  themost  striking  example  of  the  consumption 
of  heat,  in  changing  the  state  of  aggregation,  is  furnished 
by  a  substance  which  is  imprisoned  in  this  strong  iron 
bottle.  This  bottle  contains  carbonic  acid,  liquefied  by 
enormous  pressure.  The  substance,  you  know,  is  a  gas 
under  ordinary  ci  re  it  ra  stances.  This  glass  jar  is  full  of  the 
gas,  which,  though  it  mauife*ta  its  nature  by  extinguishing  a 
taper,  is  not  to  Ims  distingiiisbed,  by  the  eye,  from  common 
air.  When  the  cock  attached  to  the  iron  bottle  is  turned, 
the  pressure  upon  the  acid  is  relieved;  the  liquid  boils — 
flashes,  as  it  were,  suddenly  into  gas,  which  rushes  from 
the  orifice  with  impetuous  force.  You  can  trace  this  cur- 
rent through  the  air;  mixed  with  it  you  see  a  white  sub- 
stance, which  is  blown  to  a  distance  of  eight  or  ten  feet. 
What  is  this  white  substance?  It  is  carbonic  acid  antnu. 
The  cold  produced,  in  passing  from  the  liquid  to  the 
gaseous  state,  is  so  intense,  that  a  portion  of  the  carbonic 
acid  is  actually  frozen  to  a  solid,  which  mingles,  in  small 
flakes,  with  the  issuing  stream  of  gas.  This  snow  may  be 
collected  in  a  Bui[able  vessel.  Here  is  a  cylindrical  bos, 
with  two  hollow  handles,  through  which  the  gas  is  allowed 
to  issue.  Eight  and  left  you  see  the  turbid  current, 
hut  a  large  portion  of  the  frozen  ma.'«  is  retained  in  the 
box.  On  being  opened,  you  see  it  filled  with  this  perfectly 
white  solid. 

(190)  The  solid  disappears  very  gradually;  its  conver- 
sion into  vapour  is  slow,  because  it  can  only  slowly  collect, 
from  surrounding  substances,  the  heat  necessary  to  vaporise 


SOLID   CARBONIC    ACID. 


I 


You  can  handle  it  freely,  but  not  press  it  too  miicb, 
It  it  should  burn  you.     It  is  cold  enough  to  burn  the 
When  a  piece  of  it  is  plunged  into  water,  and  held 
lere,  you  see  bubbles  rising  through  the  water— these  are 
;re  carbonic  acid  gas.     It  possesses  all  the  properties  of 
le  substance  as  commonly  prepared.      I  put  a  bit  of  the 
id  into  my  mouth,  taking  care  not  to  inhale,  while  it.  is 
lere.     Breathing  against  this  candle,  my  breath  extin- 
guishes the  flame.      How  it  is  possible  to  keep  so  cold  a 
substance  in  the  mouth  without  injury  will  be  immediately 
explained.     A  piece  of  iron,  of  equal  colduesa,  would  do 
jeriouB  damage. 

I  (191)  Water  will  not  melt  this  snow,  but  snlpfauric 
Uther  wilt;  and  on  pouring  a  quantity  of  this  ether  on 
the  snow,  a  pasty  mass  is  obtained,  which  has  ao  enor- 
mous power  of  refrigeration.  Here  are  some  thick  and 
irregular  masses  of  glass — the  feet,  in  fact,  of  driuking- 
glasses.  I  place  a  portion  of  the  solid  acid  on  them,  and 
wet  it  with  ether :  you  hear  the  glasses  crack ;  they  have 
been  shattered  by  the  contraction  produced  by  the  intense 
eold. 

(192)  In  this  basin  is  spread  a  little  pnper,  and  over  the 
paper  is  poured  a  pound  or  two  of  mercury ;  on  the  mercury 
is  placed  some  solid  carbonic  acid,  and  over  the  acid  is 
poured  a  little  ether.  Mercury,  you  know,  requires  a  very 
low  temperature  to  freeze  it;  hut  here  it  is  frozen.  It 
is  now  before  you  aa  a  solid  mass;  the  solid  can  be  ham- 
nered,  and  also  cut  with  a  knife.  To  enable  me  to  lift  the 
mercury  out  of  the  Imsin,  a  wire  is  frozen  into  it;  by 
the  wire  I  raii<e  the  mercury,  and  plunge  it  intu  a  glass 
ju  containing  water.  It  liqueHes,  and  showers  downwards 
through  the  water;  but  every  fillet  of  mercury  freezes  the 
water  with  which  it  comes  into  contact,  and  thus,  round 
each  fillet  is  formed  a  tube  of  ice,  through  which  you  can 
the  liquid  metal  descending.    These  experiments  might 
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be  multiplied  almost  indefinitely;   but  eDoiigh  bas 
done  to  illustrate  the  chilling  effect  of  vaporisation. 

(193)  I  have  now  to  direct  your  attention  to  another, 
and  very  eingukr  class  of  phenomena,  connected  with  the 
production  of  vapour.  On  the  table  is  a  broa^i  porcelain 
basin,  B  (fig.  44),  fillet!  with  hot  water,  and  over  Iliia  lamp  is 
a  light  silver  basin,  heated  Ut  redness.  If  the  silver  basin 
be  placed  on  the  water,  as  at  s,  what  will  occur  ?     You 

might  naturally  reply,  that 
the  basin  will  impart  its 
heat  instantly  to  the  water, 
and  be  cooled  down  to  the 
temperature  of  the  latter. 
Butnothingof  this  kind  oc- 
curs. The  silver  for  a 
time  developes  a  sutficient 
amount  of  vapour  under- 
neath it,  to  lift  it  entirely  out  of  contact  with  the  water;  or, 
in  the  language  of  the  hypothesis  developed  on  a  former 
occasion,  it  is  lifted  by  the  diHcharge  of  molecular  projectiles 
against  its  under  surface.  This  will  go  on,  until  the  tem- 
perature of  the  basin  sints,  and  it  is  no  longer  able  to 
produce  vapour  of  sufficient  tension  to  support  it.  Then 
it  comes  into  contact  with  the  water,  and  the  ordinary 
hissing  of  a  hot  metal,  together  with  the  cloud  which 
forms  overhead  declares  the  fact. 

(194)  Let  us  now  reverse  the  experiment,  and  instead 
of  placing  the  basin  in  water,  place  water  in  the  basin — 
first  of  all,  however,  heating  the  latter  to  redness  by  a 
lamp.  You  hear  no  noise  of  ebullition,  no  hissing  of 
the  water,  as  it  falls  into  the  hot  basin;  the  drop  rolls 
about  on  its  own  vapour — that  is  to  say,  it  ia  sustained  by 
the  recoil  of  the  molecular  projectiles,  discharged  from 
its  under  surface.  I  withdraw  the  lamp,  and  allow  the 
basin  to  cool,  until  it  is  no  longer  able  to  produce  vapoiu 
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strong  ecough  to  support  the  drop.  The  liquid  thea 
touches  the  metal ;  the  iiistaut  it  does  so,  violent  ebiillitiou 
sets  in,  and  the  cloud,  which  you  now  observe,  forms  above 
the  basin. 

(195)  You  cannot,  from  your  present  position,  see  thiR 
flattened  spheroid  rolling  about  in  the  hot  basin;  but  it  may 
be  shown  to  you,  and,  if  we  are  fortunate,  you  will  see  some- 
thing very  beautiful.  There  is,  underneath  the  drop,  an 
incessant  development  of  vapour  which,  as  incessantly, 
escapes  from  it  laterally.  If  the  drop  rest  upon  a  flattish 
surface,  so  that  the  lateral  escape  is  very  difficult,  the 
vapour  will  burst  up  throuiih  the  middle  of  the  drop.    But 


[  tnatters  are  here  ho  ai'raii>;ed,  that  the  vapour  shall  issue 

I  bterally;   and  it  sometimes  happens  that  the  escape  is 

I  thythmic;   the  vapour  ittsuus  in  regular  pulses,  and  then 

i  have  oiu  drop  of  water  moulded  to  a  moat  beautiful 

rosette,     it  is  there  uow — a  round  mass  of  liquid,  two 

inches  in  diameter,  with  a  beautifully  crimped  border. 

Throwing  the  beam  of  the  electric  lamp  upon  this  drop, 

t  as  to  illumiuale  it,  uud    holding   Ibis  lens  over  it,  1 
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hope  to  caat  its  image  on  the  reiiing,  or  on  the  ocreen. 
It  is  now  perfectly  defined,  formiug  a  figure  {fig.  45), 
eighteen  inches  in  diameter,  with  the  vapour  hreaking,  as 
if  in  music,  from  its  edge.  If  a  little  ink  he  added,  so  ao 
to  darken  the  liquid,  the  definition  of  its  outline  is  aug- 
mented, but  the  pearly  lustre  of  its  surface  is  lost,  I 
withdraw  the  heat;  the  undulation  continues  for  some 
time,  diminishing  gradually;  the  border  finally  becomes 
iinindeuted.  The  drop  is  now  perfectly  motionless — a 
liquid  spheroid ;  and  now  it  suddenly  spreads  upon  the 
surface,  for  contact  has  been  established,  and  the  'sphe- 
roidal condition '  is  at  an  end. 

(I9fi)  When  this  silver  basin  is  placed,  with  its  bottom 
upwards,  in  front  of  the  electric  lamp,  by  means  of  a  lens  io 


front,  the  rounded  outline  of  the  basin  may  be  brought  to  a 
focus  ou  the  screen ;  I  dip  this  bit  of  sponge  in  alcohol  and 
squeeze  it  over  the  cold  basin,  so  that  the  drops  fall  upon 
the  surface  of  the  metal ;  you  see  their  magnified  images 
upon  the  screen,  and  you  observe,  that  wiien  they  strike  the 
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inverted  baeiii  thev  spread  nut  aod  trickle  down  along  it. 
Let  iiR  now  heat  the  basin  by  placing  a  lamp  underaeatb  it. 
Observe  wbat  occurs :  when  tbe  sponge  is  8(|uee2ed  the  drops 
descend  as  before,  but,  when  they  come  in  contact  with  the 
basin,  they  no  longer  spread,  but  roll  over  the  surface  as 
.  liquid  spheres  (fig.  iG).  See  how  they  bound  and  dance, 
IB  if  they  had  fallen  upon  elastic  springs;  and  so,  in  fact, 
Ifaey  have.  Eveiy  drop,  as  it  strikes  the  hot  surface,  and 
i^Ib  along  it,  developer  vapour  which  lifts  it  out  of  cou- 
,  thus  destroying  all  cohesion  between  the  surfttce  and 
B  drop,  and  enabling  the  latter  to  preserve  ita  spherical 
r  I'pheroidal  form. . 
{ 1 97)  The  arrangement  now  before  you  was  suggestfd  by 


*  Poggendorf,  aud  shows,  in  a  very  ingenious  man- 
ner, the  interruption  of  contact  between   tlie  spheroidal 
drop  and  its  supporting  surface.    From  tliis  silver  basin,  b 
'  (fig.  47),  intended  to  hold  the  drop,  a  wire,  u;  ie  carried 
,  round   yonder   magnetic  needle;    the  other  end  of  the 
LgBlvanoraeter  wire  is  attached   to  one  end  of  this  bat- 
From  the  opposite  pole  of  the  little  battery  a 
re,  v/,  is  carried  to  the  moveable  arm,  a  6,  of  this  retort- 
ed, B.     I  heat  tbe  basin,  pour  in  the  water,  and  lower 
the  wire  till  the  end  of  it  dips  into  the  spheroidal  mass: 
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you  Bee  no  motion  of  the  galvanometer  needle;  etill,  the 
only  gap  in  the  entire  circuit  is  that  which  now  exists 
underneath  the  drop.  If  the  drop  were  in  contact,  the 
current  would  pa-ss.  This  is  proved  hy  withdrawing  the 
lamp ;  the  spheroidal  state  will  soon  end ;  the  liquid  will 
touch  the  bottom.  It  now  does  so,  and  the  needle  in- 
stantly flies  aside. 

(198)  You  can  actually  see  the  internal  between  the 
drop  and  the  hot  surface  upon  which  it  reals.  A  private 
experiment  may  be  made  in  this  way:  Let  a  flattish  basin, 
B  (tig.  48),  be  turned  upside  down,  and  let  the  bottom  of 


it  be  slightly  indented,  so  aa  to  be  able  to  bear  a  drop;  heat 
the  Imisiu  with  aspirit  lamp,  and  place  upon  it  a  drop  of  ink, 
d,  with  which  a  little  alcohol  has  been  mixed.  Stretch  a 
platinum  wire,  a  h,  vertically  behind  the  drop,  and  render 
the  wire  incandescent,  by  sending  a  current  of  electricity 
through  it.  Bring  your  ej-e  to  a  level  with  the  bottom  of 
the  drop,  and  you  will  be  able  to  see  the  red-hot  wire, 
through  the  interval  between  the  drop  and  the  surface 
which  supports  it.  Let  me  show  you  this  interval.  I  place 
a  heated  bfisin,  B  (fig.  49),  aa  before,  with  its  bottom 
upward,  in  front  of  the  electric  lamp ;  and  bring  care- 
fully down  upon  it  a  drop,  d,  dependent  from  a  pipette. 
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When  it  seems  to  rest  upon  the  surface,  and  wheu  the 
leos  is  brought  to  its  proper  position  in  front,  you  see  be- 
tween the  drop  and  the  silver,  a  bright  line  of  light,  indi- 
cating that  the  beam  has  pasaeii,  underneath  the  drop,  to 
the  screen. 


(199)  The  Bpheroidal  condition  was  first  observed  by 
J^idenfroat,  and  fifty  other  iijustrations  of  it  might  be 
given.  Liquids  can  l>e  made  to  roll  on  liquids.  If  this 
red-hot  copper  ball  be  plunged  into  a  vessel  of  Ijot  water, 
a  loud  sputtering  is  produced,  due  to  the  escape  of  the 
vapour  generateti ;  still,  the  contact  of  the  liquid  and  solid 
is  not  established  ;  but  we  will  let  the  ball  remain  until  it 
iooIb,  the  liquid  at  length  touches  it,  and  then  the  ebullition 
violent  as  to  project  the  water  from  the  vessel  ou  all 


^JOOlB, 

■Eles. 
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(200)  M.  Bontigny  has  lent  new  interest  to  this  subject 
by  expanding  the  field  of  illustration,  and  applying  it  to 
Ihe  explanation  of  many  extraordinary  effects.  If  the 
hand  be  wet,  it  may  be  passed  through  a  stream  of  molten 
metal  without  injiiiy.  I  have  seen  M.  Bontigny  pass  his 
wet  hand  tiirougli  a  stream  of  molten  iron,  and  toss  with 
Jiis  fingers  the  fused  metal  from  a  crucible  :  a  bladumith 
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will  lick  a  white-Lot  iron  without  fear  of  burning  hia 
tongue.  The  tongue  is  efFectually  preserved  from  contact 
with  the  iron,  by  the  vapour  developed  ;  and  it  was  to  the 
vapour  of  the  carbonic  acid,  which  shielded  me  from  its 
contact,  that  I  owed  my  safety,  when  the  substance  waa  put 
into  my  mouth.  To  the  same  protective  influence,  many 
escapcB  from  the  fiery  ordeal  ofancient  times  have  been  attri- 
buted, by  M.  Boutigny.  It  may  be  added,  that  the  esplana- 
tion  of  the  spheroidal  condition,  given  by  M.  Boutigny, 
has  not  been  accepted  by  scientific  men.  The  foregoing 
experiments  reduce  its  cause  to  ocular  demonstration. 

(201)  Boiler  explosions  Lave  also  been  ascribed  to  the 
water  in  the  boiler  assuming  the  spheroidal  state ;  the 
Biidden  development  of  steam,  by  subsequent  contact  with 
the  heated  metal,  causing  the  explosinu.  We  are  more 
ignorant  of  these  things  than  we  ought  to  be.  Experi- 
mental science  has  brought  a  series  of  trae  causes  to  light, 
which  may  produce  these  terrible  catastrophes,  but  prac- 
tical science  has  not  vet  determined  the  extent  to  which 


they  actually  come  into  operation.     The  effect  of  a  Midden 

generation  of  steam  has  been  illustrated  by  an  experiment 
which  may  be  made  in  your  presence.  Here  is  a  cop- 
per vessel,  V  (fig.  50),  with  a  neck  stopped  with  a  cork. 
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^Iplrougli  which  half  ud  inch  of  fiiie  glass  tubing  passen. 
^^Wbea  the  vessel  ia  heated,  a  little  water  poured  into  it 
*  SSBumes  the  Bpheroidal  state.  The  veBsel  is  then  corked, 
the  small  quantity  of  eteam  developed,  while  the  water 
remains  fpheroidal,  escaping  through  the  glass  tiihe. 
On  removing  the  vessel  from  the  lamp,  and  waiting  for 
a  minute  or  two,  the  water  L'on^es  into  contact  with  the 
copper.  When  it  does  so,  the  cork  ia  driven,  as  if  by  thi' 
explosion  of  giin powder,  to  a  considerable  height  into  the 


(202)  The  spheroidal  condition  enables  us  to  perform 
the  extraordinary  experiment  of  freezing  a  liquid  in  a  red- 
hot  vessel.  M.  Boutiguy,  by  means  of  snlphurous  acid, 
first  froze  wat«r  in  a  red-hot  crucible;  and  Mr.  Faraday 
subsequently  froze  mercury,  by  means  of  solid  carbonic 
acid.  This  latter  result  may  he  reproduced ;  but  first 
let  me  operate  with  water.  Here  is  a  hollow  sphere  of 
brass,  about  two  inches  in  diameter,  now  accurately  filled 
with  water.  Into  the  sphere  is  screwed  a  wire,  which  is 
to  serve  as  a  handle.     This  platinum  crucible  is  heated  to 

■iglowing  redness,  and  in  it  are  placed  some  lumps  of  solid 

lorbonic  acid.     When  ether  is  poured  on  the  acid,  neither 

nf  them  comes  into  contact  with  the  hot  crucible;  they 

nre  protected  from  contact  by  the  elastic  cushion  of  vapour 

which   surrounds  them.     I   lower   the   sphere  of    water 

down  upon  the  mass,  and  carefully  pile  fragments  of  car- 

rfaonic  acid  over  if,  adding  also  a  little  ether.     The  pasty 

Iwibstance,  within  the  red-hot  cruciidc,  remains  intensely 

I'SoId  ;  and  now  you  hear  a  crack  !     You  are  thereby  assured 

LUiat  the  experiment  bus  succeeded.     The  freezing  water 

B  burst  the  brass  sphere,  as  it  burst  the  iron  bottles  in  a 

trmer  experiment.     I^isiug  the  sphere,  and  peeling  off 

shattered  brass  shell,  you  have  a  solid  sphere  of  ice, 

atracted  from  the  red-hot  crucible. 

(203)  I  place  a  quantity  "f  mercury  in  a  conical  copper 


162 


HEAT  AS  A  MODE  OF  MOTION. 


CUAP.  ▼. 


spoon,  and  dip  it  into  the  crucible.  The  ether  in  the  cru- 
cible has  taken  fire,  which  was  not  intended.  The  ex- 
periment ought  to  be  so  made,  that  the  carbonic  acid 
gas — the  choke-damp  of  mines — ought  to  keep  the  ether 
from  ignition.  But  the  mercury  will  freeze  notwithstand- 
ing. Out  of  the  fire,  and  through  the  flame,  I  draw  the 
spoon,  and  the  frozen  metal  is  now  before  you. 


^' 


(204)  T  PROPOSE  devoting  an  Lour  to-(iay  to  the  con- 
i  eideration  of  some  of  the  thermal  pheuomenit 
whicli  occur,  on  a  lai^e  scale,  in  Nature,  And  first,  with 
regard  to  wJndfi.  You  see  those  sunburners,  intended  to 
illuminate  this  room,  when  the  daylight  is  intercepted,  or 
gone.  Not  to  give  light  alone  were  they  placed  there, 
but,  in  part,  to  promote  ventilation.  The  air,  heated  by 
the  g;is  flames,  expands,  and  issues  in  a  strong  vertical  cur- 
rent into  the  atmosphere.  The  air  of  the  room  is  thereby 
incessantly  drawn  upon,  and  a  fresh  supply  must  be  intro- 
duced to  make  good  the  logs.  Our  chimney  draughts  are 
so  mnny  vertical  winds,  due  to  the  heating  of  the  air  by 
our  fires. 

(205)  When  this  piece  of  brown  paper  is  ignited,  the 
flarae  ascends;  and  when  the  6ame  is  blown  out,  the 
smouldering  edges  warm  the  air,  and  produce  currents 
which  carry  the  smoke  upward,  I  dip  the  smoking  paper 
into  a  large  glass  vessel,  and  stop  the  neck  of  the  vessel 
to  prevent  the  escape  of  the  smoke ;  the  smoke  aecends 
with  the  light  air  in  the  middle,  spreads  out  laterally 
oled,  and  falls,  like  a  cascade  of  cloud,  along 
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the  sides  of  the  vessel.  When  this  heavy  iron  spatula, 
heated  to  dull  redness,  is  held  thuB  in  the  air,  you  cannot 
see  the  currents  of  air  ascending  from  it.  But  they  reveal 
themselves  by  their  action  on  a  strong  light.  Placing 
the  spatula  in  the  beam  of  the  electric  lamp,  its  shadow 
is  thrown  on  the  screen,  and  those  waving  lines  of  light 
and  shade  mark  the  streaming  upwards  of  the  heated  air. 
If  this  fragment  of  sulphur,  contained  in  an  iron  spoon, 
be  heated  until  it  ignites,  and  then  plunged  into  a  jar 
of  oxygen,  the  combustion  becomes  lirilLiant  and  energetic, 
and  the  air  of  the  jar  is  thrown  into  intense  commotion. 
The  fumes  of  the  sulphur  enable  you  to  track  the  storms, 
which  the  heating  of  the  air  produces  within  the  jar.  I 
use  the  word  'storms'  advisedly,  for  the  hurricanes  which 
desolate  the  earth  are  nothing  more  than  large  illustra- 
tjons  of  the  effect,  produced  in  this  glass  jar. 

(206)  From  the  heat  of  the  suu  oui  winds  are  all  de- 
rived. We  live  at  the  bottom  of  an  aerial  ocean,  in  a 
remarkable  degree  permeable  to  the  sun's  rays,  and  but 
little  disturVted  by  their  direct  action.  But  those  rays, 
when  they  fall  upon  the  earth,  heat  its  surface,  and,  when 
They  fall  upon  the  ocean,  they  provoke  evaporation.  The 
.■iir  in  contact  with  the  surface  shares  its  heat,  is  expanded, 
und  ascends  into  the  upper  regions  of  the  atmosphere,  while 
the  vapour  from  the  ocean  also  ascends,  because  of  its 
lightness,  carrying,  no  doubt,  air  along  with  it.  Where 
the  rays  fall  vertically  on  the  earth,  that,  is  to  say,  between 
the  tiopics,  the  heating  of  the  surface  is  greatest.  Here, 
aerial  currents  ascend  and  flow  laterally,  north  and  south, 
towards  the  pules,  the  heavier  air  of  the  polar  regions 
streaming  in  to  supply  the  place  vacated  by  the  light  and 
warro  air.  Thnn,  we  have  an  incessant  circulation.  A  few 
days  ago,  the  following  experiment  wn.s  made  in  the  hot. 
room  of  a  Turkish  bath.  I  opened  wide  the  door,  and  held 
ighted  taper  in  the  doorway,  midway  l)etween  top  and 
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bottom.  Tbe  flame  rose  straight  from  tbe  taper.  \V)il-ii 
placed  at  the  hottom,  the  flame  waa  blown  violently  in- 
wards; when  placed  at  the  top,  it  waa  blown  violently 
outwards.  Here  we  had  two  currents,  or  winds,  sliding 
over  each  other,  and  moving  in  opposite  directions.  Thus, 
also,  as  regards  a  portion  of  our  hemisphere,  a  current 
from  the  equator  sets  in  towards  the  north,  and  flows  in 
the  higher  regions  of  the  atmosphere,  while  another 
flows  towards  tbe  equator,  in  the  lower  regions  of  tbe 
atmosphere.  These  are  the  upper  and  the  lowei'  Trade 
Winds. 

(207)  Were  the  earth  motionless,  these  two  cnrrents 
would  mn  directly  north  and  south,  but  the  earth  rotates 
from  west  to  east  round  its  axis,  once  in  twenty-four  hours. 
In  virtue  of  this  rotation,  the  air  at  the  equator  is  carried 
round  with  a  velocity  of  1,000  miles  an  hour,  You  have 
observed  what  takes  place  when  a  person  incautiously 
steps  out  of  a  carriage  in  motion.  He  shares  the  motion 
of  the  carriage,  and  when  his  feet  touch  the  earth  he  is 
tiirown  forward  in  tbe  direction  of  the  motion.  This  is 
what  renders  leaping  from  a  railway  cai'riage,  when  the 
train  is  at  full  speed,  almost  always  fatal.  As  we  with- 
draw from  the  equator,  tbe  velocity  due  to  tbe  earth's 
rotation  diminisbes,  and  it  becomes  nothing  at  the  poles.  It 
ifl  proportional  to  the  radius  of  the  parallel  of  latitude,  and 
diminishes  astbeae  circles  diminish  in  size.  Imagine,  then. 
Ml  iudiHdual  suddenly  tninsferred  from  tbe  equator  to  a 
placr  where  the  velocity,  due  to  rotation,  is  only  900  miles 

hour;  on  touching  the  earth  here  he  would  be  thrown 
:fi>rward  in  an  east«r1y  direction,  with  a  velocity  of  100 
miles  an  hour,  tbig  being  the  difference  between  the  equa- 

irial  Velocity  with  which  be  started,  and  the  velocity  of 

le  earth's  surface  in  bis  new  locality. 

(208)  Similar  considerations  apply  to  the  transfer  of  air 
'from  the  equatorial  to  the  northern  regions,  aud  vice  vprsa. 
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At  the  equator  the  air  possesses  the  velocity  of  the  earth's 
surface  there,  and,  on  quitting  this  position,  it  not  ooly  baa 
its  tendency  northwards  to  obey,  but  also  a  tendency  to 
the  east,  and  it  must  take  a  resultant  direction.  The 
farther  it  goes  north,  the  more  it  is  deflected  from  its 
original  course ;  the  more  it  turns  towards  the  east,  and 
t«nds  to  become  what  we  should  call  a  westerly  wind. 
The  opposite  holds  good  for  the  current  proceeding  from 
the  north;  this  passes  from  places  of  slow  motion  to  places 
of  quick  motion :  it  is  met  by  the  earth ;  hence,  the  wind 
which  started  as  a  north  wind  becomes  a  north-east  wind, 
and,  as  it  approaches  the  equator,  it  becomes  more  and 
more  easterly. 

(209)  It  is  not  by  reasoning  alone  that  we  arrive  at  a 
knowledge  of  the  existence  of  the  upper  atmospheric  cur- 
rent, though  reasoning  is  sufficient  to  show  that  compensa- 
tion must  take  place  somehow, — that  a  wind  cannot  blow 
in  any  direction  without  an  equal  displacement  of  air 
taking  place,  in  the  opposite  direction.  But  clouds  are 
sometimes  seen  in  the  tropics,  high  in  the  atmosphere,  and 
moving  in  a  direction  opposed  to  that  of  the  constant  wind 
below.  Could  we  discharge  a  light  body  with  sufficient 
force  to  cause  it  to  penetrate  the  lower  current,  and  reach 
the  higher,  the  direction  of  that  body's  motion  would  give 
us  that  of  the  wind  above.  Human  strength  cannot  per- 
form this  experiment,  but  it  has  nevertheless  been  made. 
Ashes  have  been  shot  through  the  lower  current  by  volca- 
noes, and,  from  the  places  where  they  have  subsequently 
fallen,  the  direction  of  the  wind  which  carried  them  has 
been  inferred.  Professor  Dove,  in  his  '  Witterungs  Ver- 
haltnigse  von  Berlin,'  cites  the  following  instance;  'On 
the  night  of  April  30th,  explosions  like  those  of  heavy 
artillery  were  beard  at  Barbadoes,  so  that  the  garrison  at 
Fort  St.  Anne  remained  all  night  under  arms.  On  May  1, 
at  daybreak,  the  eastern  portion  of  the  horiz 
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clear,  while  the  rest  of  the  firmament  was  covered  by  a 

black  cloud,  which  soon  extended  to  the  east,  quenched 

the  tight  there,  and  at  length  produced  a  darknesa  bo  dense 

that  the  windows  in  the  rooms  could  not  be  discerned.    A 

I  ehower  of  ashes  descended,  under  which  the  tree  branches 

bent  and  broke.     Whence  came  these  ashe!?     From  the 

direction  of  the  wind,  we  should  infer  that  they  came  from 

the  Peak  of  the  Azores;   they  came,  however,  from  the 

volcano  Morne  Oarou  in  St  Vincent,  which  lies  about  100 

I  miles  west  of  Barbadoea.     The  ashes  had  been  cast  into 

y  the  current  of  the  upper  trade.     A  second  example  of  the 

same  kind  occurred  on  January  20,  1835.     On  the  24th 

and  25th  the  sun  was  darkened  in  Jamaica  by  a  shower  of 

fine  ashes,  which  had  been  discharged  from  the  mountain 

Coseguina,  distant  800  miles.     The  people  learned  in  this 

L  way  that  the  explosions  previously  heard  were  not  those  of 

L  fcrtillery.     These  ashes  could  only  have  been  carried  by 

the  upper  current,  as  Jamaica  lies  north-east  from  the 

mountain.   The  same  eruption  gives  also  a  beautifdl  proof 

that  the  ascending  air-current  divides   itself  above,  for 

ashes  fell  upon  the  ship  Conway,  in  the  Pacific,  at  a  dis- 

I  tance  of  700  miles  south-west  of  Coseguina. 

(210)  '  Even  on  tho  highest  summits  of  the  Andes,'  con- 
tinues Dove,  'no  traveller  has  as  yet  reached  the  upper  trade. 
From  this  some  notion  may  be  formed  of  the  force  of  the 
explosions ;  they  were  indeed  tremendous  in  both  instances. 
The  roaring  of  Coseguina  was  heard  at  San  Salvador,  a 
[  distance  of  1,000  miles.    Union,  a  seaport  on  the  west  coast 
t  of  Conchagua,  was  in  absolute  darkness  for  forty-three 
I  hours;   as  light  began  to  dawn,  it  was  observed  that  the 
I  sea  shore  had  advanced  800  feet  upon  the  ocean,  through 
L  the  mass  of  ashes  which  had  fallen.      The  eruption  of 
[  Morne  Garou  forms  the  last  link  of  a  chain  of  vast  vol- 
c  actions.      In  June  and  July,  1811,  near  St.  Miguel, 
I  one  of  the  Anores,  the  island  Sabrina  rose,  accompanied  bv 


smoke  and  flame,  from  the  bottom  of  o.  sea  150  feet  deep, 
and  attaiued  a  height  of  300  feet,  and  a  circumference  of 
a  mile.  The  small  Antilles  were  afterwards  ehaken,  and 
subsequently  the  valleys  of  the  Mississippi,  Arkansas,  and 
Ohio.  But  the  elastic  forces  found  no  vent ;  they  sought 
one,  then,  on  the  north  coast  of  Columbia,  March  2fi 
began  as  a  day  of  extraordiuary  heat  in  Caraccas ;  the  air 
was  clear  and  the  firmament  cloudless.  It  was  Green 
Thursday,  and  a  regiment  of  troops  of  the  line  stood  under 
arms  in  the  barracks  of  the  quarter  San  Carlos,  ready  to 
join  in  the  procession.  The  people  streamed  to  the 
churches.  A  loud  subterranean  thunder  was  heard,  and 
immediately  afterwards  came  an  earthquake  shock  so 
violent,  that  the  church  of  Alta  Gracia,  150  feet  in  height, 
borne  by  pillars  fifteen  feet  thick,  formed  a  heap  of  crushed 
rubbish  not  more  than  six  feet  high.  In  the  evening  the 
almost  full  moon  looked  down  with  mild  lustre  upon  the 
ruins  of  the  town,  under  which  lay  the  crushed  bodies  of 
upwards  of  10,000  of  its  inhabitants.  But  even  here  there 
was  no  exit  granted  to  the  elastic  forces  underneath. 
Finally,  on  April  27,  they  succeeded  in  opening  once 
more  the  crater  of  Morne  Garou,  which  had  been  closed 
for  a  century ;  and  the  earth,  for  a  distance  equal  to  that 
from  Vesuvius  to  Paris,  rang  with  the  thunder-shout  of 
liberated  prisoner.' 

{211 }  On  this  terrestrial  globe,  I  trace  with  my  hand 
meridians.  At  the  equator  of  the  globe  they  are 
apart,  which  would  correspond  to  about  1,000  miles  on  tbe 
earth's  surface.  But  these  meridians,  as  they  proceed  north- 
ward, gradually  approach  each  other,  and  meet  at  the  north 
pole.  It  is  manifest  that  the  air  which  rises  between  these 
meridians,  in  the  equatorial  regions,  must,  if  it  went  direct 
to  the  pole,  squeeze  itself  into  an  ever-narrowing  bed.  Were 
the  eart.h  a  cylinder,  instead  of  a  sphere,  we  might  have  a 
circulation  from  themiddleof  the  cylinder  quite  to  each  end. 


that    , 
foutS 
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itad  a  return  current  from  each  eiid  to  the  middle.  But  this, 
1  the  case  of  the  earth,  is  impossible,  simply  beciiuee  the 
e  around  the  poles  is  unable  to  embrace  the  air'from 
jbe  equator.  The  cooled  equatorial  air  ainka,  and  the 
1  current  sets  in,  before  the  poles  are  attained,  and 
iiis  occurs  more  or  less  irregularly.  The  two  currents, 
moreover,  instead  of  flowing  one  over  the  other,  often  flow 
beside   each   other.     They  constitute  rivers  of  air,  with 

» incessantly  shifting  beds, 
i  (212)  These  are  the  great  winds  of  our  atmosphere, 
frhich,  however,  are  materially  modified  by  the  irregular 
(distribution  of  land  and  water.  Winds  of  minor  impor- 
tance also  occur,  through  tlie  local  action  of  heat,  cold, 
and  evaporation.  There  .ire  winds  produced  by  local  action 
in  the  Alps,  which  sometimes  rush  with  sudden  and  de- 
structive violence  down  the  guUeys  of  the  mountains: 
gentler  dowu-flows  of  air  are  produced  by  the  presence  of 
glaciers  upon  the  heights.  There  are  the  Und  breeze  and 
the  sea  breeze,  due  to  the  varying  temperature  of  the  sea- 
board soil,  by  day  and  njght.  The  morning  sun,  heating 
the  land,  produces  vertical  displacement,  and  the  air  from 
the  sea  moves  landward.  In  the  evening  the  land  is  more 
chilled  superficially,  by  radiation,  than  the  sea,  and  the 
mditioDS  are   reversed ;  the  heavy  air  of  the  land  now 

8  seaward. 

(213)  Thus,  then,  a  portion  of  the  heat  of  the  tropics 
I  sent,  by  an  aerial  messenger,  towards  the  poles,  a  more 
■able  distribution  of  terrestrial  warmth  being  thus 
'  secured.  But  in  its  flight  northward  the  air  ia  accom- 
panied by  another  substance— by  the  vapour  of  water, 
which,  you  know,  is  perfectly  transparent.  Imagine  the 
ocean  of  the  tropics,  giving  forth  its  vapour,  which  pro- 
motes by  its  lightness  the  ascent  of  the  associated  air. 
Both  expand,  as  they  ascend :  at  a  height  of  16,000  feet 
the  air  and  vapour  occupy  twice  the  volume  which  they 
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embraced  at  the  sea  level.  To  secure  tbia  space  they 
iniiat,  by  their  elastic  force,  piish  away  the  air  in  all 
directions  round  them;  they  must  perform  work;  and 
this  work  cannot  be  performed,  save  at  the  expense  of 
the  warmth  with  which  they  were,  in  the  first  instance, 
charged. 

(214)  The  vapour,  thus  chilled,  is  no  longer  competent 
to  retain  the  gaseous  form.  It  is  precipitated,  as  cloud: 
the  cloud  deaceuds,  as  rain  ;  and  in  the  region  of  calms,  or 
lUrectly  under  the  sun,  where  the  air  is  first  drained  of  its 
aqueous  load,  the  descent  of  rain  is  enormous.  The  ann 
does  not  remain  always  vertically  over  the  same  parallel 
of  latitude — he  is  sometimes  north  of  the  equator,  some- 
times south  of  it,  the  two  tropica  limiting  his  excursion. 
When  he  is  south  of  the  equator,  the  earth's  surface,  north 
of  it,  is  DO  longer  in  the  region  of  calms,  but  in  one 
across  which  the  aerial  current  from  the  north  flows 
towards  the  region  of  calms.  The  moving  air  is  but 
slightly  charged  with  vapour,  and,  as  it  travels  from  north 
to  south,  it  becomes  ever  warmer ;  it  constitutes  a  dry  wind, 
and  its  capacity  to  retain  vapour  is  continually  augmenting. 
It  is  plain,  from  tliese  considerations,  that  each  place 
between  the  tropics  must  have  its  dry  season  and  rainy 
season ;  dry,  when  the  sun  is  at  the  opposite  side  of  the 
equator,  and  wet,  when  the  sun  is  overhead. 

(215)  Gradually,  however,  as  the  upper  stream,  which 
rises  from  the  equator,  and  flows  towards  the  poles,  be- 
comes chilled  and  dense,  it  sinks  towards  the  earth ;  at 
the  Peak  of  Teneriffe  it  has  already  sunk  below  the  sum- 
mit of  the  mountain.  With  the  contrary  wind  blowing  at 
the  base,  the  traveller  finds  the  wind  from  the  equator 
blowing  strongly  overthe  top.  Farthernortli  the  equatorial 
wind  sinks  lower  still,  and,  finally,  quite  reaches  the  surface 
of  the  earth.  Europe,  for  the  most  part,  is  overflowed  by 
this  eciuatorial  current.     Here,  in  London,  for  eight  or  nine 
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nths  in  the  year,  south-westerly  winds  prevail.  But 
rk  what  an  influence  this  must  have  upon  our  climate, 
iuc  moisture  of  the  equatorial  ocean  comes  to  us,  endowed 
with  potential  energy ;  with  it^  molecules  separate,  and 
therefore  competent  to  claah  and  develope  heat  by  their 

*eolIi«ion ;  it  comes,  if  you  will,  charged  with  latent  beat. 
In  our  northern  atmosphere  condensatton  takes  place,  and 
the  heat  generated  is  a  main  source  of  warmth  to  our 
climate.  Were  it  not  for  the  rotation  of  the  earth,  we 
should  have  over  ub  the  hot  dry  blasts  of  Africa ;  but 
owing  to  this  rotation,  the  wind  which  starts  northward 
from  the  Gulf  of  Mexico  is  deflected  to  Europe.  Europe 
is,  therefore,  the  recipient  of  those  stores  of  latent  heat 
which  were  amassed  in  the  western  Atlantic.  The  British 
Isles  come  in  for  the  greatest  share  of  tbiti  moisture  and 
heat,  and  this  circumstance  adds  itself  to  that  already 
dwelt  upon — the  high  specific  heat  of  water — to  preserve 
r  climate  from  extremes,  It  is  this  condition  of  things 
jlrliich  makes  our  fields  so  green,  and  which  also  gives  the 
'bloom  to  our  maidens'  cheeks. 

(216)  Another  property  of  this  wonderful  substance,  to 
[which  is  probably  due  its  main  influence  as  a  meteorolo- 
I  ^eal  agent,  shall  be  examined  on  a  future  occasion.* 

(217)  As  we  travel  eastward  in  Europe,  the  amount  of 
I  aqueous  precipitation  grows  less  and  less ;  the  cur  becomes 
I  more  and  more  drained  of  its  moisture.  Even  between 
I  ttie  east  and  west  coasts  of  our  own  islands,  the  difference 

ble ;  local  circumstances,  also,  have  a  powerful 
bfluence  on  the  amount  of  precipitation.  Dr.  Lloyd  finds 
Die  mean  yearly  temperature  of  the  western  coast  of  Ireland 
»  he  about  two  degrees  Fahr.  higher  than  that  of  the 
1  coast  at  the  same  elevation,  and  in  the  same  parallel 
I  latitude.     The  total  amount  of  rain  which  fell  in  the  year 

•  See  Chapter  XI. 
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1651,  at  various  stations  iu  tbe  islimd,  is  given 
following  table — 

SUtlDn  Riln  In  Inctao 

Portnrlinglou         .        .        .        ,  ■21-2 

Killougll 23'3 

Dublin 28-4 

Athj 26-7 

Dons^budee 27'S 

Courtown 29-B 

KilruBh 32-e 

Anuogh 33'1 

Killj'bvgB 33'2 

DouDiore 33'S 

Portnuh 37'2 

BuriiUTBlli 3H'3 

Mnrkreo 4a'3 

Cubtlftuvnaead  .  i2'6 

Wegtport 45-a 

CuUrcireen fiEI-4 

Witli  reference  to  this  table.  Dr.  Lloyd  renjarks — 

(218)  '1.  That  there  is  great  diversity  in  the  yearly 
amount  of  rain  at  the  different  stations,  all  of  which  (ex- 
cepting four)  are  but  a  few  feet  above  the  sea  level;  the 
greatest  rain  (at  Cabirciveen)  being  nearly  three  timee  as 
great  as  the  least  (at  Portarlington). 

(219)  '2.  That  the  stations  of  least  rain  are  either  in- 
land or  on  tbe  eastern  coast,  while  those  of  the  greatest 
rains  are  at  or  near  the  western  coast. 

(220)  '  3.  That  the  amount  of  rain  is  greatly  dependent 
on  the  proximity  of  a  mountain  chain  or  group,  beine 
always  considerable  in  such  neighbourhood,  unless  the 
station  lie  to  the  north-east  of  the  same. 

'Thus,  Portarlington  lies  to  the  north-east  of  Slieve- 
bloom  ;  KUlough  to  the  north-east  of  the  Moiirne  range  ; 
Dublin,  nort,h-east  of  the  W'icklow  range,  ajid  so  on,  Oa 
the  other  hand,  the  stations  of  greatest  rain,  Cahirciveen, 
Castletownsend,  Westport,  &c,  are  in  the  vicinity  of  high 
mountains,  but  on  a  different  side,'* 

*  The   greateat    rainfuJI    rworded   !jj   Sir   JdIiii    n,r=chcl  ji.   his  table 
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(221)  This  didtrihution  of  hentbytbe  tranafer  of  m&Bseg 
of  heated  air  from  place  to  place,  is  called  '  convention,"  in 
contradistiiiction  to  the  process  of  coiiductioD,  which  will 
l>e  treated  in  its  proper  place.  Heat  is  distributed  in  a 
similar  manner  through  liquids.  This  glass  cell,  c  (fig. 
5 1 ),  contains  warm  water.  Placed  in  front  of  the  electric 
lamp,  bv  means  of  a  converging  lens,  a  magnified  image 
of  the  cell  is  thrown  upon  the  screen.  I  now  introduce 
the  end  of  this  pipette  into  the  water  of  the  cell,  and 
allow  a  little  cold  water  gently  to  enter  it.  The  difference 
of  refraction  between  the  two  enables  you  to  see  the 
heavy  cold  water  falling  through  the  lighter  warm  water. 
The  experiment  succeeds  still  l>etter  when  a  fragment  of 
ice  is  allowed  to  float  upon  the  surface  of  the  water.     As 

^^^  Fia.  SI. 

^^%e  ice  melts,  it  cends  luug  heavy  stria*  downwards  to  tho 
bottom  of  the  cell.  I  now  reverse  the  experiment,  placing 
cold  water  in  the  cell,  and  hot  water  in  the  pipette.  Care 
is  here  aecesaary  to  allow  the  warm  water  to  enter  without 
any  momentum,  which  would  carry  it  mechanically  down. 
You  notice  the  effect.     The  point  of  the  pipette  is  in  the 

(Motftirolopj,  1 10.  tie.)  aMliU  at  Chcmi  I'ungw,  where  Ihr  autiuat  fall  is 
892  iiiclii-s.  Ilinnotmj  otuocl  to  eatrt  far  into  Ibo  snlijertof  mflcorolngy; 
fur  ill*  fulleet  uliil  moKt  accurate  iiiSirinalion  llic  naJcr  vill  ivtrr  Ui  ihe 
i(  wo^  of  Sir  Jutui  BaiMhel  sad  Frofewor  Don. 
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middle  of  the  cell,  and  as  tbe  warm  water  enters,  it  speedily 
tumB  upwards  (tig.  52)  and  spreads  out  at  the  top,  almost  as 
oil  would  do,  under  the  same  circnmatances. 

(222)  When  a  vessel,  containing  water,  is  heated  at  the 
bottom,  the  warmth  communicated  is  diffused  by  convec-' 
tion.     You  may  see  the  direction  of  the  ascending  warm 
Fio.  i2. 


currents  by  means  of  tbe  electric  lamp,  and  also  that  of 
the  currents  which  descend  to  occupy  tbe  place  of  the 
lighter  water.  Here  is  a  vessel,  containing  cochineal,  the 
fr^raents  of  which,  being  not  much  heavier  than  the 
water,  freely  follow  the  direction  of  its  currents.  Tbe 
pieces  of  cochineal  break  loose  from  the  heated  bottom, 
ascending  along  tbe  middle  of  tbe  jar,  and  descending 
again  by  the  sides.  In  the  Geyser  of  Iceland  this  con- 
vection occurs  on  a  grand  scale.  A  fragment  of  paper 
thrown  upon  the  centre  of  the  water  which  fills  tbe  pipe, 
is  instantly  drawn  towards  tbe  side,  and  there  sucked  down 
by  the  descending  current. 

(223)  Partly  to  this  cause,  and  partly,  perhaps,  to  the 
action  of  winds,  currents  establish  themselves  in  the  ocean, 
and  powerfully  influence  climate,  by  the  beat  which  they 
distribut*.  The  most  remarkable  of  these  currents,  and 
by  far  the  most  important  for  us,  is  the  Gulf  Stream, 
which  sweeps  across  the  Atlantic,  from  tbe  equatorial 
regions,  through  the  Gulf  of  Mexico,  whence  it  derives 
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its  naino.     As  it  quits  the  Straits  of  Florida  it  haa  a  tem- 
perature  of  83°  Fabr,,  thence   it   follows   the   co&Rt   of 
America  as  far  as  Cape  Feai-,  whence  it  starts  across  the 
Atlaufic,takinganorth-easterly  course,  and,  finally,  wash- 
ing the  coast  of  Ireland,  and  the  north-western  shores  of 
Europe  generally.    As  might  be  expected,  the  influence  of 
this  body  of  warm  water  makes  itself  most  evident  during 
our  winter.     It  then  entirely  abolishes  the  difference  of 
temperature,  due  to  the  difference  of  latitude  of  north  and 
■Aouth  Britain  ;  if  we  walk  from  the  Channel  to  the  Shetland 
bles,  in  January,  we  encounter  everywhere  the  same  tem- 
Brature.    The  isothermal  line  runs,  tlien,  north  and  south. 
B  presence  of  this  water  renders  the  climate  of  western 
Europe  totally  different  from  that  of  the  opposite  coast  of 
FAmerica.     The  river  Hudson,  for  example,  in  the  latitude 
[of  Rome,  is  frozen  for  three  months  in  the  year.     Starting 
1  Boston  iu  January,  and  proceeding;  round  St.  John's, 
i  thence  tn  Iceland,  we  meet  everywhere  the  same  tem- 
erature.    The  harbour  of  Hammerfest  derives  great  vftlue 
3  the  fact,  that  it  is  clear  of  ice  all  the  year  round. 
f^Hiis  is  due  to  the  Gulf  Stream,  which  sweeps  round  the 
Kortb  Cape,  and  so  modifies  the  climate  there,  that  nt 
some  places,  byproceeding  northward, you  enter  a  warmer 
region.     The  coutmat  between  northern  Europe  and  the 
east  coast  of  America  caiised  Halley  to  surmise,  that  the 
north  pole  of  the  earth  had  shifted;  that  it  was  formerly 
situate  somewhere  near  Behring's  Straits,  and  that  the 
intense  cold,  observed  in  these  regions,  is  really  the  cold 
the  ancient   pole,  which  had  not  been  entirely  sub- 
l  wnce  the  axis  changed  its  direction.     But  now  we 
now   that  the  Gulf  Stream,  and  the  diffusion  of  heat 
f  winds  and  vapours,  are  the  real  causes  of  Europe&n 
mildness.     On  the  western  coast  of  America,  between  the 
wky   Mountains  and  the  ocean,   we  find  a  European 
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(224)  Europe,  then,  is  the  condenser  of  the  Atlantic; 
and  the  motmtaina  are  the  chief  condensers  in  Europe. 
On  them,  moreover,  when  they  are  sufficiently  high,  the 
condensed  vapour  descends,  not  in  a  liquid,  but  a  solid 
form.  Let  us  look  to  this  water  in  its  birthplace,  and 
follow  it  through  its  subsequent  course.  Clouds  float  in  the 
air,  and  heuce  has  arisen  the  surmise  that  they  are  com- 
posed of  vesicles  or  bladders  of  water,  thus  forming  shells 
instead  oi  sfherea.  It  is  certain,  however,  tl];it  if  the  par- 
ticles of  water  be  sufficiently  small  they  will  float  fur  an  in- 
definite period  without  being  vesicular.  It  is  also  certain 
that  water-particles  at  high  elevations  possess  on  or  after 
precipitation,  the  power  of  building  themselves  into  crystal- 
line forms;  they  thus  bring  forces  into  play  which  we  have 
hitherto  been  accustomed  to  regard  as  molecular,  and 
which  could  not  be  ascribed  to  the  aggregates  necessary  to 
form  vesicles. 

(225)  Snow,  perfectly  formed,  ia  not  an  irregular  aggre- 
gate of  ice-particles ;  in  a  calm  atmosphere,  the  atoms 
arrange  themselves,  so  aa  to  form  the  most  exquisite 
figures.  You  have  seen  those  sis-petalled  flowers  which 
show  themselves  within  a  block  of  ice,  when  a  beam  of 
heat  is  sent  through  it.  The  snow-crystals,  formed  in  a 
calm  atmosphere,  are  built  upon  the  same  type :  the  mole- 
cules aiTange  themselves  to  form  hexagonal  stars.  From 
a  central  nucleus  shoot  six  spicule,  every  two  of  which  are 
separated  by  an  angle  of  60°.  From  these  central  ribs 
smaller  spicule  shoot  right  and  left,  with  unerring  fidelity  . 
to  the  angle  60°,  and  from  these  again  other  smaller  ones 
diverge  at  the  same  angle.  The  six-leaved  blossoms 
assume  the  most  wonderful  variety  of  form  ;  their  tra^ 
eery  is  of  the  finest  frozen  gauze ;  and  round  about 
their  corners  other  rosettes  of  smaller  dimensions  often 
cling.  Beauty  is  superposed  upon  beauty,  as  if  Xature, 
once  committed    to  her   task,  took  delight  in    showing, 
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even  within  the  narroweet  limits,  the  wealth  of  her  re- 
sou  rces." 

(2'2G)  Tiiese  frozen  blossoms  constitute  our  mountain 
snows;  they  load  the  Alpine  heights,  where  their  frail 
architecture  is  soon  destroyed  by  the  weather.  Every 
winter  they  fall,  aud  every  summer  they  disappear,  bnt 
thia  rliythmic  action  does  not  perfectly  compensate  itself. 
Below  a  certain  line,  warmth  is  predominant,  and  the 
ijuantity  which  falls  every  winter  is  entirely  swept  away ; 
above  this  line,  cold  is  predominant ;  the  quantity  which 
fails  is  in  excess  of  the  quantity  melted,  and  an  annual 
residue  remains.  In  winter  the  snows  reach  to  the  plains ; 
in  suuun^r  they  retreat  to  the  aiiuiv-iine, — to  that  parti- 
cular line  where  the  snow-fall  of  every  year  is  exactly 
balanced  by  the  consumption,  and  above  which  is  the 
region  of  eternal  snowit.  But,  if  a  residue  remains  annually 
ubove  the  snow<line,  the  mountains  must  be  loaded  with 
n  burden  which  increases  every  year.  Supposing,  at  a 
particular  point  above  the  line  referred  to,  a  layer  of  three 
feet  a  year  to  be  added  annually  to  the  mass ;  this  deposit, 

JBCCumulating  even  through  the  brief  period  of  the  Christian 
era,  would  produce  an  elevation  of  5,580  feet.  And  did 
inch  accumulations  continue  throughout  geologic,  instead 
«f  historic  ages,  we  cannot  estimate  the  height  to  which  the 
snows  would  pile  themselves.  It  is  manifest  that  no  accu- 
mulation of  this  kind  takes  place ;  the  quantity  of  snow 
on  the  mountjtins  is  not  augmenting  in  this  way.  By 
some  means  or  other  the  sun  is  prevented  from  lifting  the 
ocean  out  of  its  basins,  and  piling  its  waters  permanently 
Upon  the  bills. 

(227 )  How  then  is  this  annually  augmenting  hiad  taken 

t  the  shoulders  of  the  mountains  ?    The  snows  sometimes 

ich  themselves,  and  rush  down  the  slopes  in  avalanches, 

•  8e«  llg.  fiS,  in  which  ore  cojiiHl  some  of  the  beautirnl  drawingii  -if  Mr. 
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melting  to  water  in  the  warmer  air  below.  But  the  violent 
rush  of  the  avalanche  is  not  their  only  motion ;  they  also 
creep,  by  altnost  insensible  degrees,  down  the  slopes.  Aa 
layer,  moreover,  heaps  itself  npon  layer,  the  deeper  portions 
of  the  maas  become  squeezed  and  consolidated;  the  air. 
first  entrapped  in  the  meshes  of  the  snow,  ia  squeezed  out, 
and  the  compressed  mass  apprnximates  more  and  more  to 
tlie  character  of  ice.  You  know  how  the  granules  of  a 
snowball  will  adhere ;  and  you  know  how  hard  you  can  make 
the  ball  if  mischievously  inclined.  The  snowball  is  incipient 
ice;  augment  your  pressure,  and  you  actually  convert  it  into 
ice.  But  even  after  it  has  attained  a  compactness  wiiich 
would  entitle  it  to  be  called  ice,  it  is  still  capable  of  yielding 
or  less,  as  the  enow  yields,  to  pressure.  When,  tbere- 
a  suflGcient  depth  of  the  substance  collects  upon  the 
;h*8  surface,  the  lower  portions  are  squeezed  out  by  the 
pressure  of  the  upper  ones,  and  if  the  snow  rests  upon  a 
slope,  it  will  yield  principally  in  the  direction  of  the  slope, 
and  move  downwards. 

(228)  This  motion  is  incessantly  going  on  along  the 
of  every  snow-laden  mountain;  in  the  Himalayas, 
the  Andes,  in  the  .Alps;  but  in  addition  to  this  motion, 
'hich  depends  upon  the  power  of  the  substance  itself  to 
ield  to  pressure,  there  is  also  a  sliding  motion,  over  the 
Inclined  bed.     The  consolidated  snow  moves  bodily  over 
the  mountain  slope,  grinding  off  the  asperities  of  the  rocks, 
and  polishing  their  bard  surfaces.     The  under  surface  of 
the  mighty  polisher  is  also  scarred  and  furrowed,  by  the 
rocks  over  which  it  has  passed ;  but  as  the  compacted  snow 
I'^Bscends,  it  enters  a  warmer  region,  ia   more   copiously 
Inelted,  and   sometimes,  before  the  base   of  its   slope  is 
reached,  it  is  wholly  cut  ofiF  by  fusion.     Sometimes,  how- 
ever, large  and  deep  valleys  receive  the  gelid  masses  thus 
sent  down  ;  in  these  valleys  it  is  further  consolidated,  and 
rough  them  it  moves,  at  a  slow  but  measurnbte  pace. 
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imitating  iu  all  its  motions  those  of  a  dyer.  The  ice  is 
thus  carried  far  beyond  the  limits  of  perpetual  anow,  until, 
at  length,  the  consuinption  below  equals  the  supply  above, 
and  at  this  point  the  glacier  ceases.  From  the  snow-line 
downwards  in  summer,  we  have  ice;  above  the  snow-line, 
both  summer  and  winter,  we  havo,  on  the  surface,  snow. 
The  portion  below  the  snow-line  is  called  a  glacier,  that 
above  the  snow-line  is  called  the  neve.  The  neve,  then, 
is  the  feeder  of  the  glacier. 

(229)  Several  valleys,  thua  filled,  may  unite  in  a  single 
valley,  the  tributary  glaciers  welding  themselves  together 
to  form  a  trunk  glacier.  Both  the  main  valley,  and  its 
tributaries,  are  often  sinuous,  and  the  tributaries  must 
change  their  direction,  to  form  the  trunk.  The  width  of 
ttie  valley,  also,  often  changes:  the  glade r  is  forced  through 
narrow  gorges,  widening  after  it  has  passed  them ;  the 
centre  of  the  glacier  moves  more  quickly  than  the  sides, 
and  tie  surface  more  quickly  than  the  bottom.  The  point 
of  swiftest  motion  follows  the  same  law  as  that  observed  in 
the  flow  of  rivers,  changing  from  one  side  of  the  centre  to 
the  other,  as  the  flexure  of  the  valley  changes.  Most  of 
the  great  glaciers  in  the  Alps  have,  in  summer,  a  central 
velocity  of  two  feet  a  day.  There  are  points  on  the 
Mer-de-Glaee,  opposite  the  Moutauvert,  which  have  a 
daily  motion  of  thirty  inches  in  summer,  and,  in  winter, 
have  been  found  to  move  at  half  this  rate. 

(230)  The  power  of  accommodating  itself  to  the  channel 
through  which  it  moves,  has  led  eminent  men  to  assume 
that  ice  is  viscous;  and  the  phenomena  at  first  eight 
seem  to  enforce  this  assumption.  The  glacier  widens, 
l>euds,  and  narrows,  and  its  centre  moves  more  quickly 
thau  its  sides;  a  viscous  mass  would  undoubtedly  do  the 
same.  But  the  most  delicate  experiments  on  the  capacity 
of  ice  to  yield  to  strain,  to  stretch  out  like  treacle,  honey, 
or  tar,  have  failed  to  detect  this  stretching   power.      Is 
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Bierf,  then,  any  other  physical  quality  to  which  the  power 
r  accommodation,  posses8ed  hy  glacier  ice,  may  be  re- 
ferred? 

(231)  Let  UB  approach  this  auhject  gradually.  We  know 
lat  vapour  is  continually  escaping  from  the  free  surface 
r  a  liquid ;  that  the  particles  at  the  surface  attain  their 

s  liberty  sooner  than  the  particles  within  the  liquid ; 
I  is  natural  to  expect  a  similar  state  of  things  with  regard 
»  ico;   that  when  the  temperature  of  a  mass  of  ice  is 
teiformly  augmented,  the  lirst  particles  to  attain  liquid 
>erty  will  be  those  at  the  surface;   for  here  they  are 
ttitirely  free,  on  one  side,  from  the  controlling  action  of 
jne  surrounding  particles.     Supposing,  then,  two  pieces  of 
i,  raised  throughout  to  32",  and  melting,  at  this  tempera- 
!,  at  their  STirfaces ;  what  may  he  expected  to  take  place 
r  we  place  the  liquefying  surfaces  close  together  ?     We 
ftereby  virtnally  transfer  theae  surfaces  to  the  centre  of 
lie  ice,  where  the  motion  of  each  molecule  is  controlled, 
round,  by  its  neighbours.     As  might  reasonably  be 
P  Axpected,  the  liberty  of  liquidity,  at  each  point  where  the 
surfaces  touch  each  otiier,  is  arrested,  and  the  two  pieces 
freeze  together  at  tliese  points.     Let  us  make  the  experi- 
ment :  Here  are  two  mnsseii  just  cut  asunder  with  a  saw  j 
I  place-  their  flat   surfaces  together:   n  second's  contact 
will  suffice;  they  are  now  frozen  together,  and  by  taking 
hold  of  one  of  them  I  thus  lift  them  both. 

(232)  This  is  the  effect  to  which  attention  was  first 
directed  by  Mr,  Faraday,  in  June  1850,  and  which  is  now 
known  under  the  name  of  lieifelation.*  On  a  hot  sninmer'A 
day,  I  have  gone  into  a  shop  in  the  Strand,  where  fragments 
of  ice  were  exposed  in  a  basin  in  the  window ;  and,  with 
the  shopman's  permission,  liave  laid  hold  of  the  topmost 
piece  of  ice,  and,  by  means  of  it,  have  lifted  the  whole  of 

I  Mr.  Hiixlv;  uid  mjielf,  on  tb« 
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ir  first  puprr  upon  pTnri 
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the  pieces  bodily  out  of  the  dish.  Though  the  therroo- 
nieter  at  the  time  stood  at  80",  the  pieces  of  ice  Lad  frozen 
together  at  their  points  of  jungtion.  Even  under  hot 
water  this  effect  takes  place.  This  basin  contains  water 
as  hot  an  my  hand  can  bear ;  I  plunge  into  it  these  two 
pieces  of  ice,  and  hold  them  together  for  a  moment :  they 
are  now  frozen  together,  notwithstanding  the  presence  of 
the  heated  liquid.  A  pretty  esperiment  of  Mr,  Faraday'is 
consists  in  placing  a  number  of  small  fragments  of  ice  in 
a  dish  of  water  deep  enough  to  float  them.  When  one 
piece  touches  the  other,  even  at  a  single  point,  regelation 
instantly  sets  in.  Tlius,  a  train  of  pieces  may  be  caused  to 
touch  each  other,  and,  after  they  have  once  so  touched, 
you  may  take  the  terminal  piece  of  the  train  and,  by 
means  of  it,  draw  all  the  others  after  it.  Wjieu  we  seek 
to  bend  two  pieces,  thus  united  at  their  point  of  junction, 
the  frozen  points  suddenly  separate  by  fracture,  but,  at 
the  same  moment,  other  points  come  into  contact,  and 
regelation  sets  in  between  them.  Thus  a  wheel  of  ice 
might  be  caused  to  roll  on  an  ice  surface,  the  contacts 
being  incessantly  ruptured,  with  a  crackling  noise,  and 
othei-s  as  quickly  established  by  regelation.  In  virtue  of 
this  property  of  regelation,  ice  is  able  to  reproduce  many 
of  the  phenomena  which  are  usually  ascribed  to  viscous 
bodies. 

(233)  Here,  for  example,  is  a  straight  bar  of  ice: 
by  passing  it  successively  through  a  series  of  moulds,  each 
more  curved  than  the  last,  it  is  finally  turned  out  as  a 
semi-ring.  The  straight  bar,  on  being  squeezed  into  the 
curved  mould,  breaks ;  but  by  continuing  the  pressure, 
new  surfaces  come  into  contact,  and  the  continuity  of 
the  mass  is  restored,  A  handful  of  those  small  ice  frag- 
ments when  squeezed  together,  freeze  at  their  points  of  con- 
tact, and  form  one  aggregate.  The  making  of  a  snowball, 
as  remarked  by  Mr.  Faraday,  illustrates  the  same  prin- 
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ciple.  Id  order  that  this  freezing  tihall  take  place,  the 
^uow  ought  to  be  at  32°,  aud  moist.  When  below  32°, 
and  dry,  ou  being  squeezed  it  behaves  like  salt.  The 
croaking  of  snow-bridgea,  in  the  iipper  regions  of  thu 
Swiss  glaciers,  is  often  n-mlered  possible  solely  by  the 
regelation  of  the  kdow  granules.  The  climber  treads 
down  the  masa  carefully,  and  causes  its  granules  to  rege- 
late :  he  thus  obtains  uu  amount  of  rigidity  which,  with- 
out the  act  of  r^elatiou,  would  be  quite  unattainable. 
To  those  unaccustomed  to  such  work,  the  crossing  of  snow 
bridges,  spanning,  as  they  often  do,  fissures  lUO  feet,  and 
more,  in  depth,  must  appear  quite  appalUng. 

(234)  When  this  mass  of  ice  fragments  is  still  further 
squeezed,  they  are  brought  into  closer  proximity.  My 
buid,  however,  is  incompetent  to  squeeze  them  very  closely 
;etber.  Placing  them  in  this  boxwood  mould,  which 
a  shallow  cylinder,  and  inserting  a  flat  piece  of  boxwood 
overhead,  I  iutroduce  both  between  the  plates  of  a  small 
hydraulic  press,  and  squeeze  the  mass  forcibly  into  the 
mould.  The  substance  is  converted  by  the  pressure  into 
coherent  cake  of  ice.  We  can  place  it  in  this  lenticular 
ivity  and  again  squeeze  it.  It  is  crushed  by  the  pressure, 
of  course,  but  new  contacts  are  established,  and  now  tJie 
mass  is  turned  intti  a  lens  of  ice.  Let  us  now  transfer 
the  lens  to  this  hemispherical  cavity,  H  (fig.  54),  bring 

tdown  upon  it  a  hemispherical  protuberance,  p,  which  is 
ttot  quite  able  to  till  the  cavity,  and  squeeze  the  mass : 
the  ice,  which  a  moment  ago  was  a  lens,  is  now  pressed 
^to  the  space  between  the  two  spherical  surfaces :  on  re- 
iDOviag  the  protuberance,  you  see  the  interior  surface  of 
k  cup  of  glassy  ice.  When  detached  from  the  mould, 
it  is  a  hemispherical  cup,  which  may  be  filled  with  cold 
wine,  without  the  escape  of  a  drop.  1  scrape,  with  a 
chiHel,  a  quantity  of  ice  from  this  block,  and,  placing 
^■Jbe  spongy  mass  within  this  spherical  cavity,  c  (fig.  55), 
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squeeze  it  and  add  to  it,  till,  finally,  by  bringing  down 
iipOD  it  (mother  spherical  cavity,  o,  it  is  enclosed  as  a 
sphere  between  both.  As  the  press  is  worked,  the  substance 
becomes  mure  and  more  compact,     I  add  more  material. 


and  again  squeeze;  by  every  such  act  the  mass  is  made 
harder,  and  now  you  have  a  snowball  before  you  such  as 
you  never  saw  before.  It  is  a  sphere  of  hard  translucent 
ice,  B.  Thus,  you  see,  broken  ice  can  be  compacted  together 
by  pressure,  and  in  virtue  of  the  property  of  rcgelation, 
which  cements  its  touching  surfaces,  the  substance  may 
be  made  to  take  any  shape  we  please.  Were  the  experi- 
Fiii.  65. 

ment  worth  the  trouble,  a  rope  of  ice  might  be  formed 
from  this  block,  and  afterwards  coiled  into  a  knot.  No- 
thing, of  course,  ciin  be  easier  than  to  produce  statuettes 
of  the  substance  from  suitable  moulds. 

(23.5)  It  is  easy  to  understand,  how  a  substance  so  en- 
dowed can  be  squeezed  through  the  gorges  of  the  Alps — 
can  bend  so  as  to  accommodate  itself  to  the  flexures  of  the 
Alpine  valleys,  and  canpermitof  a  differential  motion  of  its 
parts,  without,  at  the  same  time,  possessing  a  sensible  trace 
of  "iscoeity.     The  hypothesis  of  viscosity,  first  started  by 
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kDdii,  and  worked  out  with  such  ability  by  Profeasor 

Forbes,  a^-counts,  certaiuly,  for  half  the  facts.     Where  pree- 

fi  cornea  into  play,  the  deportment  of  ice  is,  apparently, 

Aat  of  a  viscoiiB  body ;  where  tension  comes  into  play,  the 

■  with  a  viscoiiB  body  censes.* 

(236)  I  have  thus  briefly  sketched  the  phenomena  of  exist- 

Ihg  glaciers,  as  far  as  they  are  related  to  our  present  subject ; 

lut  the  scientific  explorer  of  mountain  regions  soon  meets 

with  appearances,  which  carry  his  mind  back  to  a  state  of 

things  very  different  from  that  of  the  present  day.     The 

unmistakable    traces  which    they   have  left  behind  them 

1  Bhow  that  vast  glaciers  once  existed,  in  places  from  which 

■they  have  for  ages  disappeared.     Go,  for  example,  to  the 

j[lacter   of  the  Aar  in  the  Bernese  Alps,  and  observe  its 

resent  performances;  look  to  the  rocks  upon  its  flanks 

B  they  are  at  this  moment,  rounded,  polished,  and  scarred 

;he  moving  ice.     And,  having  by  patient  and  varied 

SXercise  oductited  ynur  eye  and  judgment,  in  these  matters, 

^alk  down  the  glacier  towards  its  end,  keeping  always 

,  view  the  evidences  of  glacial  action.     After  (jiiitting 

ice,   continue  your   walk   down   the  valley  towards 

Sie  Grirasel :  you  see  everywhere  the  same  unmistakable 

FSecord.     The  rocks  which  rise  from  the  bed  of  the  valley 

are  rounded  like  Logs'  hacks ;  these  are  the  '  roches  mou- 

L  tonnes'  of  Charpentier   and  Agassiz;  you  observe  upon 

Ihem  the  larger  flutings  of  the  ice,  and  also  the  smaller 

ara,  scratched  by  pebbles,  which  the  glacier  held  as  a  kind 

f  emery  on  its  under  surface.    All  the  rocks  of  the  Grimsel 

iave  been  thus  planed  down.     Walk  down  the  valley  of 

RbsH  and  examine  the  mountain  sides  right  and  left;  wilh- 

rtit  the  key,  which  I  now  suppose  you  to  possess,  yon  would 

be  in  a  land  of  enigmas ;  but  with  this  key  all  ia  plain — 

you  see  everywhere  the  well-known  scars  and  flutinga  and 
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furrowings.  In  the  bottom  of  the  valley  you  have  the 
rocks  filed  dowD,  m  Bome  places,  to  do  me -shaped  masses, 
and,  in  others,  polished  so  smoothly  that  to  pass  over  them, 
even  when  the  inclination  is  moderate,  steps  must  be  hewn. 
All  the  way  down  to  Meyringen,  and  beyond  it,  if  you 
wish  to  pursue  the  enquiry,  these  evidences  abound.  For 
a  preliminary  lesson  in  recognizing  the  traces  of  ancient 
glaciers,  no  better  ground  than  this  can  be  chosen. 

(237)  Similar  evidences  are  found  in  the  valley  of  the 
Rhone  ;  you  may  track  them  through  the  valley  for  eighty 
miles,  and  lose  them  at  length  in  the  Lake  of  Geneva.  But 
on  the  flanks  of  the  Jura,  at  the  opposite  side  of  the  Canton 
de  Vaud,  the  evidences  reappear.  All  along  these  lime- 
stone slopes  are  strewn  the  granite  boulders  of  Mont 
Blanc.  Right  and  left,  also,  from  the  great  Bhone  valley,  the 
lateral  valleys  show  that  they  were  once  filled  with  ice. 
On  the  Italian  side  of  the  Alps  the  remains  are,  if  possible, 
more  stupendous  than  those  on  the  northern  side.  Grand 
as  the  present  glaciers  seem  to  those  who  explore  them 
to  their  full  extent,  they  are  mere  pigmies  in  comparison 
with  their  predecessors. 

(238)  Not  in  Switzerland  alone — not  alone  in  proximity 
with  esisting  glaciers — are  tbese  well-known  vestiges  of 
the  ancient  ice  discernible ;  on  the  hills  of  Cumberland  they 
are  almost  as  clear  as  among  the  Alps.  Where  the  bare 
rock  has  been  exposed  for  ages  to  the  action  of  weather, 
the  finer  marks  have,  in  most  cases,  disappeared ;  and  the 
mammillated  forms  of  the  rocks  are  the  only  evidences. 
But  the  removal  of  the  soil  which  has  protected  them 
often  discloses  rock  surfaces,  scarred  aa  sharply,  and  po- 
lished as  cleanly,  as  those  which  are  now  being  scratched 
and  polished  by  the  glaciers  of  the  Alps.  Bound  about 
Scawfell,  the  traces  of  ancient  ice  appear,  both  in  roches 
moutoniUe  and  blocs  perches;  and  there  are  ample  facta 
to  show  that  Borrodale  was  once  occupied  by  glacier  ice. 
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■In  North  Wales,   alao,  the  ancient  glaciers  have  placed 

■l^ir  etaiup  so  tii'mly  upon  the  rocks,  that  the  ages  which 

■   since   elapsed   huve  failed  to   obliterate  even  their 

Biftperlicial  marks.     All  round    i^uowdon   these  evidences 

lltl«ouud.     On  tlie  south-west  coast  of  Ireland  rise  the  Reeks 

Ictf  MagiJltcuddy,  which  tilt  upwards,  and  catch  upon  their 

■Cold  crests  the  moist  winds  of  the  Atlantic ;  precipitation 

P  if  copious,  and  raiu  at  Kiltarney  seems  the  order  of  Nature. 

'  In  this  moist  region  every  crag  is  covered  with  rich  v^e- 

tation  ;  hut  the  vapours,  which  now  descend  as  mild  and 

fertilising  rain,  once  fell  as  snow,  which  formed  the  material 

for  noble  glaciers.     The  Black  Valley  was  once  filled  by 

ice,  which  planed  down  the  sides  of  the  Purple  Mountain,  as 

it  moved  towards  the  Upper  Lake.    The  ground  occupied  by 

I  this  lake  was  entirely  covered  by  the  ancient  ice,  and  every 

lialfuid  that  now  emerges  from  its  sur&ceis  a  glacier-dome. 

F^he  fantastic  names,  which  many  of  the  rocks  have  received, 

■re  suggested  by  the  shapes  into  which  they  have  been 

V  loulptured  by  the  mighty  moulding  plane  which  once  passed 

lorer  them.     North  America  is  also  thus  glaciated.     But 

I  the    most    notable    observation,  in  connection  with    this 

I  lubject,   is   one  recently  made  by  Dr.  Hooker  during  a 

1  visit  to  Syria:  he  has  found  that  the  celebrated  cedars  of 

IXelnuoD  grow  upon  ancient  glacier  moraines. 

(23y)  To  determine  the  condition,  which  permitted  of 
'  the  formation  of  those  vast  masses  of  ice,  has  long  been  a 
problem  with  philosophers,  and  a  consideration  of  the 
solutions  which  have  been  offered,  from  time  to  time,  will 
I  Bot  be  un instructive.  I  have  no  new  hypothesis  to  offer, 
b  it  seems  possible  to  give  a  truer  direction  and  more 
lefinite  aim  to  our  enquiries  than  they  can  at  present 
ut  of.  The  aim  of  all  the  writers  on  this  subject,  with 
Vbom  I  am  acquainted,  has  been  the  u'tainment  of  cutd. 
feme  eminent  men  have  thought,  and  some  still  think, 
lat  the    reduction    of  temperature,   during    the    glacier 
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epoch,  was  due  to  a  temporary  diminution  of  solar  radia- 
tion ;  others  have  tJiought  that,  in  its  motion  through 
Bpace,  our  syatera  may  have  traversed  regions  of  low 
temperature,  and  that,  during  its  pa.'ifiage  through  these 
regions,  the  ancient  glaciers  were  produced.  Others  liave 
sought  to  lower  the  temperature,  by  a  redietribution  of 
land  and  water.  If  I  understand  the  writings  of  the 
eminent  men  who  have  propounded  and  advocated  the 
above  hypotheses,  all  of  them  seera  to  have  overlooked 
the  fact,  that  the  enormous  extension  of  glaciers  in  by- 
gone ages  demonstrates,  just  as  rigidly,  the  operation  of 
heat  as  the  action  of  cold. 

(240)  Cold  alone  will  not  produce  glaciers.  You  may 
have  the  bitterest  north-east  winds  here  in  London  through- 
out the  winter,  without  a  single  flake  of  snow.  Cold  must 
have  the  fitting  object  to  operate  upon,  and  this  object — 
the  aqueous  vapour  of  the  air — is  the  direct  product  of 
heat.  Let  us  put  this  glacier  question  in  another  form  : 
the  latent  heat  of  aqueous  vapour,  at  the  temperature  of 
ita  production  in  the  tropics,  is  about  1,000°  Fahr.,  for  the 
latent  heat  augments,  as  the  temperature  of  evaporation 
descends.  Apoundof  water,  then,  vaporised  at  the  equator, 
has  absorbed  1,000  times  the  quantity  of  heat  which  would 
raise  a  pound  of  the  liquid  one  degree  in  temperature. 
But  the  quantity  of  heat  which  would  raise  a  pound  of 
water  one  degree,  would  raise  a  pound  of  east  iron  ten 
degrees :  hence,  simply  to  convert  a  pound  of  the  water  of 
the  equatorial  ocean  into  vapour,  would  require  a  quantity 
of  heat,  sufficient  to  impart  to  a  pound  of  cast  iron  10,000 
degrees  of  temperature.  But  the  fuaing-point  of  cast  iron 
is  2,000°  Fahr. ;  therefore,  for  every  pound  of  vapoiu"  pro- 
duced, a  quantity  of  heat  has  been  expended  by  the  sun, 
sufficient  to  raise  5  lbs.  of  cast  iron  to  its  melting  point. 
Imagine,  then,  every  one  of  those  ancient  glaciers  with  its 
mass  of  ice  quintupled  :  and  imagine  the  place  of  the  mass. 
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^Hbo  augmented,  to  be  takea  by  au  equal  weight  of  cast  irou 
^Hisiaed  to  the  white  heat  of  fusion,  we  shall  then  have  the 
^r«xact  expression  of  the  solar  action,  involved  in  the  pro- 
duction of  the  ancient  glaciers.     Substitute  the  hot  iron  for 
the  cold  ice — our  speculations  would  inatantlj  be  directed 
to  account  for  the  hi^k  temperature  of  the  glacial  epoch, 
somplete  reversal  of  some  of  the  hypotheses  above 
looted  would  probably  ensue. 

I    (241)  It  is  perfectly  manifest,  that  by  weakening  the 
action,  either  through  a  defect  of  emission,  or  by  the 
iping  of  the  entire  sular  system  in  space  of  a  low  teni- 
.ture,  we  should   be  cutting  off  the  glaciera  at  their 
lurce.     Vast  masses  of  mountain  ice  indicate,  infallibly, 
existfnce  of  commensurate    masses   of  atmospheric 
tpour,  and  a  pro)Kirtionately  vast  action  on  the  part  of 
In  a  distilling   apparatus,  if  you   required  to 
'ftUgnient  the   quantity   distilled,   you   would  not   surely 
lUtempt  to  obtain  the  low  temperature,  necessary  to  con- 
densation,  by  taking  the  6re  from   under  your  boiler: 
but  this,  if  I  understand   them   aright,  is  what  has  been 
done  by  those  philosophers  who  have  sought  to  produce 
the  ancient  glaciers  by  diminishing  the  sun's  heat.     It  is 
quite  manifest  that  the  thing  most  needed  to  produce  the 
glaciers  is  an  improved  condenser ;  we  cannot  afford  to 
lose  an  iota  of  solar  action  ;  we  need,  if  anything,  more 
vapour,  but  we  need  a  condenser  so  powerful,  that  this 
vapour,  instead  of  falling  in  liquid  showers  to  the  earth, 
shall  be  so  far  reduced  In  temperature  as  to  descend  iu 
snow.     The  problem,   I  think,  is  thus  narrowed  tu  th<' 
precise  issue  on  which  its  solution  depends. 

In  monlding  io-,  it  is  kdTiwble  to  flnt  wet  the  monid  villi  hot  wMisr 
Tlii»  fiKiliioiva  lb?  ramoTBl  of  the  I'ompreiiiH^l  sabataiice.  The  icr-cup, 
rctemd  to  in  )  231.  may  br  from  2J  to  3  iodiee  in  utenud  dinmetpr,  bw 
tJie  thidmrn  of  thr  cup  ou|{ht  nut  to  exited  n  qnartcr  of  an  indi.  A 
iiinioil  plug  is  itiDpned  into  my  owe  moiktdB.  the  tapping  of  vtiicli  suou 
ilnturhi-s  ihF  ii-r. 
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(242)  T  think  we  are  now  sufficiently  conversant  witK  ' 

-L  our  subject,  to  distinguish  between  the  sensible 
motions  produced  by  heat  and  heat  itself.  Heat  is  not 
the  clash  of  winds  ;  it  is  not  the  quiver  of  a  flame,  nor  the 
ebullition  of  water,  nor  the  rising  of  a  themiometric  co- 
himn,  nor  the  motion  which  animates  steam  as  it  rushes 
from  a  boiler,  in  which  it  has  been  compressed.  All  these 
are  mechanical  motions,  into  which  that  of  beat  may  be 
converted;  but  heat  itself  is  molecular  motion.  The 
molecules  of  bodies,  when  closely  grouped,  cannot,  how- 
ever, oscillate,  without  communicating  motion  from  one 
to  the  other.  To  this  propagation  of  the  motion  of  heat 
from  molecule  to  molecule,  we  must  now  devote  oar 
attention. 

Here  is  a  poker,  the  temperature  of  which  is  scarcely 
perceptible :  I  ftiel  it  as  a  hard  and  heavy  body,  but  it 
neither  warms  nor  chills  rae:  it  has  been  before  the  fire, 
and  the  motion  nf  its  molecules,  at  the  present  moment, 
chances  to  be  the  same  as  that  of. the  molecules  of  my 
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nerves;  there  is  iieiHier  communication  uor  withdnuval, 
and  hence  the  temperature  of  the  poker,  on  the  one  hand, 
and  my  sensationB,  on  tlie  other,  remain  unchanged.  Rut 
when  the  end  of  the  poker  is  thrust  into  the  fire  it  is  heated; 
the  molecules,  in  contact  with  the  fire,  are  thrown  into 
a  state  of  more  intense  oscillation ;  the  swinging  atoms 
strike  their  neighbours,  tbeae  a^in  theirs,  and  thus,  the 
molecular  music  rings  alonfj  the  bar.  The  motion,  in  this 
iuKtance,  is  communicated  from  atom  to  atom  of  the 
poker,  and  finally  appears  at  its  most  distant  end.  If  I 
now  lay  hold  of  the  poker,  its  motion  is  communicated  to 
my  nerves,  and  produces  pain;  the  bar  is  what  we  call 
hot,  and  my  hand,  in  popular  language,  is  burned.  Con- 
vection we  have  already  defined  to  be  the  transfer  of  heat, 
by  sensible  masses  of  matter,  from  place  to  place;  but 
this  molecular  transfer,  which  consists  in  each  utorji  taking 
up  the  motion  of  its  neighbours,  and  sending  it  on  to 
is  called  the  conduction  of  heat. 
(243)  Let  me  exemplify  this  property  of  conduction,  in 
I  homely  way.  In  this  basin,  filled  with  warm  water,  is 
ptftre<l  a  cylinder   of  iron,  an  inch  in  diameter,  and  two 


^ches  in  height ;  this  cylinder  is  to  be  my  source  of  hea 
E^lAying  my  thermo-electric  pile,  o  (fig.  56),  thus  flat,  with 
B  naked  face  turned  upwards,  I  place  upon  that  face  a 
cylinder  of  copper,  c,  which  now  possesses  the  temperature 
of  this  room.     We  observe  no  deflection  of  the  galva- 
nometer.    I  now  place  my  warm  cylinder,  i,  having  first 
^dried  it,  upon  the  cool  cylinder,  which  is  supported  by  the 
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pile.  The  upper  cyliuder  ia  Dot  at  more  than  blood-beat ; 
but  you  Bee,  abnost  before  this  remai'k  ia  uttered,  the 
needle  Siee  aside,  indicating  that  the  heat  has  reached 
the  face  of  the  pile.  Thus,  the  molecular  motion,  im- 
parted to  tlie  iron  cylinder  by  the  warm  water,  has  been 
communicated  to  the  copper  one,  through  which  it  has 
been  transmitted,  in  a  few  seconds,  to  the  face  of  thf 
pile. 

(244)  Different  bodies  posaesa  differeut  powers  of  trans- 
mitting molecular  motion  ;  in  other  words,  of  conducting 
heat.  Copper,  which  we  have  just  used,  poasesees  thie 
power  iu  a  ?ery  eminent  degree.  Let  us  uow  remove  tht 
copper,  allow  the  needle  to  return  to  0°,  and  then  lay  upon 
the  face  of  the  pile  this  cylinder  of  glass.  On  the  cylinder 
of  glasa  I  place  my  iron  cylinder,  which  has  been  re-heated 
in  the  warm  water.  There  is,  as  yet,  no  motion  of  the 
needle,  and  you  would  have  to  wait  a  long  time  to  see  it 
move.  We  have  already  waited  thrice  the  time  which  the 
copper  required  to  transmit  the  heat,  and  you  see  the 
needle  continues  motionless.  Placing  cylinders  of  wood, 
chalk,  stone,  and  fireclay,  in  succession,  on  the  pile,  and 
heating  their  upper  enda  in  the  same  manner,  we  find  that 
in  the  time  which  we  can  devote  to  an  experiment,  not  one 
of  these  aubatancea  ia  competent  to  transmit  the  beat  to  the 
pile.  The  molecules  of  these  substances  are  ao  hampered 
or  entangled,  that  they  are  incompetent  to  pasa  the  motion 
freely  from  one  to  another.  These  bodies  are  all  badcon- 
duct<yi'8  of  heat.  On  theotherhand,  when  cylinders  of  zinc, 
iron,  lead,  bismuth,  &c.,  are  placed  in  succeaaion  on  the 
pile,  each  of  them,  as  you  see,  has  the  power  of  trans- 
mitting the  motion  of  heat  rapidly  through  its  mass.  Iu 
comparison  with  the  wood,  atone,  chalk,  glass,  and  clay, 
they  are  all  good  conductors  of  heat. 

(245)  As  a  general  rule,  not,  however,  without  its  ex- 
ceptions, metals  are  the  best  conductors  of  beat.      But 
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raetuls  differ  notiibly  among  themselves,  as  regards  tlieir 
powers  of  conduction.  A  comparison  of  copper  and  iron 
will  iiluutrate  tliis  point.     Behind  rae  are  two  bars,  A  B, 


C   (fig.   57),   placed   end  to  end,   with   balls  of  ( 


nod, 


i  i  i  i 


attached  by  wax  at  eqna\  distances  from  the  place  of  junc- 
tion. Under  the  junction  is  placed  a  spirit-lamp,  which 
heatH  the  ends  of  the  bars :  the  heat  will  be  propagated 
right  and  left  through  both.  The  bar  a  b  is  iron,  the  bar 
A  c  ia  copper ;  the  heat  travels  to  a  greater  distance  along 
the  copper,  which  is  the  better  conductor,  and  therefore 
liberates  a  greater  number  of  its  balls, 

(246)  One  of  the  first  attempts  to  determine,  with  ac- 
curacy, the  couductivity  of  different  bodies  for  heat,  was 
that  suggested  by  Franklin,  and  carried  out  by  Ingenliauaz. 
He  coated  a  number  of  bars  of  various  substances  with 
wax,  and,  immersing  the  ends  of  the  bars  in  hot  oil,  he  ob- 
served the  distance  to  which  the  wax  was  melted,  on  each 
of  the  bars.  The  good  conductors  melted  the  wax  to  the 
greatest  distance;  and  the  melting  distance  furnished  a 
measure  of  the  conductivity  of  the  bar. 

(247)  The  second  method  was  that  pointed  out  by 
Fourier,  and  followed  out  experimentally  by  Despretz. 
A  B  (fig-  58)  represents  a  bar  of  metal,  with  holes  drilled 
in  it,  intended  to  contain  small  thermoraeters.  At  the 
end  of  the  bar  was  placed  a  lamp,  as  a  source  of  heat ;  the 
heat  WHS  propagated  through  the  bar,  reaching  the  ther- 
mometer a  first,  b  next,  c  next,  and  so  on.  For  a  certain 
time,  the  thermometers  continued  to  rise,  but  afterwards, 
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the  state  of  the  l>ar  became  Btationary,  each  tbennometer 
marking  a  constant  temperature.  The  better  the  conduc- 
tion, the  smaller  tlie  difference  between  any  two  successive 
thermometers.     The  decrement,  or  fall  of  heat,  if  I  mny 


^id--  IL 


I 


use  the  term,  from  the  hot  end  towards  the  cold,  is 
greater  in  bad  conductors  than  in  good  ones,  and,  from 
the  decrement  of  temperature  shown  by  the  thermometers, 
we  can  deduce,  and  express  by  a  munber,  the  conductivity 
of  the  bar.  This  same  method  was  followed  by  MM, 
Wiedemann  and  Franz,  in  a  very  important  investigation, 
but,  instead  of  usiug  thermometers,  they  employed  a 
suitable  modification  of  the  thermo-electric  pile.  Of  the 
numerous  and  highly  interesting  results  of  this  investi- 
gation, the  following  is  a  resume : — 


err  Bleetiiclt? 


Copppr 
Gold 


I 


(248)  This  table  shows,  that,  an  regards  their  conduc- 
tive powers,  metals  differ  very  widely  from  each  other. 
('nliing.  for  example,  the  conductive  power  of  silver  100, 
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Ifcat  of  Oermao  silver  is  only  fi.     You  may  illustrate  this 

Hfference,  in  a  very  simple  way,  by  plunging  two  spoons, 

^De  of  (lermfin  silver,  and  tlie  other  of  pure  silver,  into 

the  same  vessel  of  hot  water.     After  a  little  time,  vow  find 

I  the  free  end  of  the  silver  spoon  much  hotter  than  that  of 

I  its  neighbour;  and  if  bits  of  phosphorus  lie  placed  on  the 

\  rads  of  the  spoons,  that  on  the  silver  will  fuse  and  ignite, 

1  a  very  short  time,  while  the  heat  transmitted  thnmgh 

the  other  xpoon  will  never  reach  an  intensity  sufficient  to 

;oite  the  phosphonis. 

f249)  Nothing  is  more  interesting  to  the  natural  philo- 

FfWpher  than  the  tracing  out  of  connections  and  relations 

r^^tween  the  variona  ^enciea  of  nature.     We  know  that 

Lthey  are  interdependent,  we  know  that  they  are  mutually 

ponvertible,  but,  as  yet,  we  know  very  little  as  to  the 

?cise  form  of  the  conversion.      We  liave  every  reason 

1  conclude,  that  heat  and  electricity  are  both  modes  of 

motion;  we  know,  experimentally,  that  from  electricity 

we  can  obtain  heat,  and  ^om  heat,  as  in  the  case  of  our 

thermo-electric    pile,   we    can    obtain    electricity.      But 

although  we  have,  or  tbiuk  we  have,  tolerably  clear  idem 

of  the  character  of  the  motion  of  heat,  our  ideas  are  very 

crude  as  to  the  precise  nature  of  the  change  which  this 

motion  must  undergo,  in  order  to  appear  as  electricity — 

in  fact,  we  know,  im  yet,  nothing  about  it. 

(250)  The  above  table,  however,  exhibits  one  impor- 
i^ut  connection  between  heat  and  electricity.  Beside  the 
numbers  expressing  conductivity  for  heat,  MM.  Wiede- 
ninnn  and  Franz  have  placed  the  numbers  expressing  the 
conductivity  of  the  same  metals  for  electricity.  They  run 
side  by  side:  the  good  conductor  of  heat  in  the  good 
conductor  of  electricity,  and  the  bad  conductor  of  heat  is 
the  bad  conductor  of  electricity.*     Thus,  we  may  infer 


•  I'riariiH!  Forbei  hfid  prtriumlv  l 
l.iT,p.L'7. 


iliced  tb'a.    See  Phil.  Mag.  1834. 
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that  the  same  physical  quality  which  interferes  with  the 
transmission  of  heat,  interferes,  in  a  proportionate  degree, 
with  the  tranBmisfiion  of  electricity.  This  common  sus- 
ceptibility of  both  forces  indicates  a  relation,  on  which 
future  investigations  will  no  doubt  throw  light. 

(251)  It  is  a  proved  fact,  that  the  amount  of  lieat  de- 
veloped in  a  wire,  by  a  current  of  electricity  of  a  certain 
strength,  is  directly  proportional  to  the  resistance  of  the 
wire."  We  may  imagine  the  atoms  in  this  case  throwing 
themselves,  like  barriers,  across  the  track  of  the  electric 
current — the  current  knocking  against  them,  imparting  its 
motion  to  them,  and  thus  rendering  the  wire  hot.  In  the 
case  of  a  good  conductor,  on  the  contrary,  the  current  may 
be  pictured  as  gliding  freely  among  the  atoms,  without  dis- 
turbing them  in  any  great  degree.  Suspended  before  j"ou 
are  three  pieces  of  platinum  wire,  each  four  or  five  inches 
long,joined  to  three  pieces  of  silver  wire,  of  the  same  length 
and  thickness.  I  will  now  send  the  self-aame  current,  from 
a  battery  of  twenty  of  Grove's  ceils,  through  this  com- 
pound wire.  You  see  three  spaces  white-hot,  and  dark 
spaces  between  them.  The  white-hot  portions  of  the  wire 
are  platinum,  and  the  dark  portions  are  silver.  The 
electric  current  breaks  impetuously  upon  the  molecules  of 
the  platinum,  while  it  glides,  with  little  resistance,  among 
the  atoms  of  silver,  thus  producing,  in  the  two  metats, 
different  calorific  effects.f 

(2-52)  Now  it  may  be  shown  that  the  motion  of  heat 
interferes  with  that  of  electricity.  You  are  acquainted 
vnth  the  platinum  lamp,  which  stands  in  front  of  this 
table.  It  consists,  simply,  of  a  little  coil  of  platinum 
wire,  suitably  attached  to  a  brasi  stand.  We  can  send  a 
current  through  that  coil,  and  cause  it  to  glow.     Into  t 


•  Joule,  Phil.  Mag.  18il,  vol.  xii.  p.  2flS. 

f  May  not  ike  cuoilensed  ellier  which  Kuirounds  Ihe  atoms  be  llie 
of  clMtric  eurreata? 


RELATION   OF   HEAT   TO    ELECTRICITY. 


107 


Sircuit  are   also  introdwceii   two    additional  feet  of  thin 

nilatinum  wire,  and  od  establUhiog  the  connection,  the 

VMrne  current  passes  through  this  wire,  and  through  the 

p«oil.     Both,  you  sec,  are  raised  to  redness — both  are  in 

^  Btate  of  intense  molecular  motion.     What  I  wish  now 

ft'to  prove  is,  that  this  motion  of  heat,  which  the  electricitj 

8  generated,  in  these  two  feet  of  wire,  and  in  virtue  of 

Fwhich  the  wire  glows,  offers  a  hindrance  to  the  passage  of 

the  current.     The  electricity  has  raised  up  a  foe  in  its 

own  path.     If  we  cool  this  wire,  we  open  a  wider  door  for 

the  passage  of  the  electricity.     But,  if  more  electricity 

^B   passes,  it  will  announce  iteelf  at  the  platinum  lamp ;  it 

^H'wiJl  raise  that  red  heat  to  whiteness,  an<l  the  change  in  the 

^^pintensity  of  the  light  will  be  visible  to  you  all. 


FB.n. 


(253)  Thus,  then,  I  plunge  the  red-hot  wire  into  a 
I  beaker  of  water  w  (tig.  59) :  the  lamp  immediately  becomes 
I  almost  too  bright  to  look  at.  When  the  wire  is  raised  out  of 
I  the  water,  and  the  heat  allowed  once  more  to  develop  itself. 
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the  current  is  instantly  impeded,  and  the  lamp  liecomes  lesf 
bright.  I  again  dip  the  wire  into  the  cold  water,  deeper 
and  deeper  :  observe  how  the  light  becomes  intensified — 
deeper  still,  so  as  to  quench  the  entire  two  feet  of  wire ;  the 
augmented  current  raises  the  lamp  to  its  maxiiuutii 
brightness,  and  now  it  suddenly  goes  out.  The  circuit  is 
broken,  for  the  coil  has  actually  been  fused  by  the  addi- 
tional flow  of  electricity. 

(253(1)  And  here  we  may  bestow  a  passing  glance  at 
a  subject,  the  complete  treatment  of  which  belongs  ti> 
another  department  of  physics.  You  know  that  the  elec- 
tric current  which  heated  the  wire  in  our  last  experi- 
ment is  maintained  by  the  chemical  action  going  on  in 
tbe  voltaic  battery.  In  the  battery  we  have,  among  other 
things,  the  combination  of  zinc  with  oxygen,  a  true  com- 
bustion, though,  like  that  of  our  own  bodies,  it  is  eameil 
on  among  linuidw.  Here,  as  in  all  other  cases,  the  con- 
sumption of  a  definite  amount  of  zinc  generates  tbe  same 
invariable  amount  of  heat.  Supposing,  then,  I  connect 
the  two  poles  of  this  battery  by  a  stout  copper  wire,  which 
is  an  excellent  conductor,  the  current  will  flow  and  the 
zinc  will  be  consumed,  and  no  sensible  beat  will  be 
developed  outside  the  battery  itself  Let  the  current 
continue  until  a  pound  of  zinc  has  been  consumed.  A 
certain  measurable  amount  of  heat  is  generated,  and  the 
whole  of  this  heat  ia  confined  to  the  battery.  Let  us 
now  connect  tbe  poles  of  the  battery  by  a  thin  platinum 
wire.  It  becomes  heated  and  glows  before  your  eyes. 
Continue  the  action  until  a  pound  of  zinc  has  been  con- 
sumed. The  same  amount  of  heat  as  before  is  generated, 
but  it  is  now  distributed  in  a  different  manner.  Part  of 
it  is  in  tbe  battery,  but  part  of  it  also  is  in  the  connecting 
wire.  Add  both  these  parts  together,  and  you  get  the 
same  total  as  before. 

'b)  Thus,  for  every   unit  of  heat  generated  outside 
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tbe  battery,  we  have  a.  unit  withdrawn  from  the  battfry 
Keelf;  and  if,  instead  of  generating  this  external  heat,  the 
MectTW  current  be  employed  to  turn  a  machine,  or  do  any 
r  external  work,  an  amount  of  heat  equivalent  to  the 
:  performed  is  withdrawn  from  the  battery.  ITiese 
ire  not  mere  theoretic  conclusions :  they  have  been  estab- 
iabed  by  the  excellent  experiments  of  M.  Favre,  the  prin- 
^ple  of  conaervation,  as  applied  to  the  voltaic  battery, 
IwiEig  thus  vindicated. 

(254)  Lut  U8  nuw  return  to  the  subject  of  conduction. 
To  alt  appearance,  cold  may  be  conducted,  like  heat. 
1  warm  tliifl  copper  cylinder  a  little  by  holding  it,  for 
■<  moment,  in  my  hand.  When  placed  on  the  thermo- 
yectric  pile,  the  needle  goes  up  to  90°,  declaring  heat. 
Oft  this  cylinder,  I  place  a  second  one,  which  has  been 
billed,  by  sinking  it  for  some  time  in  this  mass  of 
Ih,  We  wait  a  moment,  the  needle  moves:  it  is  now 
IcBcending  to  zero,  passes  it,  and  goes  on  to  W,  on  the 
tde  of  cold.  Analogy  might  well  lead  you  to  suppoee 
lltBt  the  cold  is  conducted  downwards,  from  the  top  cylinder 
bo  the  bottom  one,  aa  the  beat  was  conducted  in  our  former 
experiments.  No  objection  need  be  made  to  the  phrase 
fieonduction  of  cold,'  if  it  be  used  with  a  clear  knowledge 
tfthe  real  physical  process  involved.  The  real  process  is, 
ftat  the  warm  intermediate  cylinder  first  delivers  up  its 
beat,  or  motiou,  to  the  cold  cylinder  overhead,  and,  having 
^hus  lost  its  own  heat,  it  draws  upon  that  of  the  pile.  In 
■oor  former  experiments,  we  had  conduction  of  motion  to 
the  pile ;  in  our  present  one  we  have  conduction  of  motion 
'from  the  pile.  Hut  it  is,  in  both  cases,  the  propagation  of 
motion  with  which  we  have  to  do,  the  heating  and  the 
chilling  depending  solely  upon  the  direction,  of  propaga- 
tion. I  place  one  of  these  metal  cylinders,  which  has  been 
purposely  cooled,  on  the  face  of  our  pile ;  a  violent  deflec- 
Ltiou  follows,  declaring  the  iuntrument  to  be  chilled.     Arc 
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we  to  Buppose  cold  to  be  an  entity  communicated  to  the 
pile?  No.  The  pile  here  is  the  warm  body;  its  molecular 
motion  ia  in  ezcena  of  that  pogaessed  by  the  cylinder ;  and 
when  both  come  into  contact,  the  pile  seeks  to  make  good 
the  defect.  It  imparts  a  quantity  of  its  motion  to  the 
cylinder,  and,  by  its  own  bounty,  becomes  impoverished: 
it  chills  itself,  and  generates  the  current. 

(255)  Substituting  for  this  cold  metal  cylinder  a  cy- 
linder of  wood,  with  the  same  temperature  as  the  metal 
one,  the  chill  of  the  wood  is  very  feeble,  and  the  con- 
sequent deflection  very  small.  Why  does  not  the  cold 
wood  produce  an  action  equal  to  that  of  the  cold  metal? 
Simply,  because  the  heat,  communicated  to  it  by  the 
pile,  is  accumulated  at  its  under  surface  ;  it  cannot  escape 
throiinh  the  bad  conducting  wood  as  it  escapes  through 
the  metal,  and  thus  the  quantity  of  heat  withdrawn  from 
the  pile  by  the  wood,  is  leas  than  that  withdrawn  by  the 
copper.  A  similar  effect  is  produced  when  the  human 
nerves  are  sulistituted  for  the  pile.  When  you  come  into 
a  cold  room,  and  lay  your  hand  upon  the  tire-irons,  the 
chimney-piece,  the  chairs,  the  carpet,  in  succession,  they 
appear  to  be  of  different  temperatures:  the  iron  chills  you 
more  than  the  marble,  the  marble  more  than  the  wood, 
and  so  on.'  Your  hand  is  affected  exactly  as  the  pile  was 
affected  in  the  last  experiment.  It  is  needless  to  say  that 
the  reverse  takes  place  when  you  enter  a  hot  room ;  that 
is  to  say,  a  room  hotter  than  your  own  body.  You  would 
certainly  suffer,  if  you  lay  down  upon  a  plate  of  metal 
in  a  Turkish  balh ;  but  you  do  not  suffer  when  you  He 
down  on  a  bench  of  wood.  By  preserving  the  body  from 
contact  with  good  conductors,  very  high  temperatures  may 
be  endured.  Eggs  may  be  boiled,  and  beefsteaks  cooked, 
by  the  heat  of  an  apartment,  in  which  the  bodies  of  living 
men  sualain  no  injury. 

(256)  The  exact  philosophy  of  this  last  experiment  is 
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worthy  of  a  moment's  consideration.  With  it  the  names 
of  Blagden  and  Chantrey  are  associated,  those  eminent 
men  having  exposed  themselves,  in  ovens,  to  temperatures 
ctmsidembly  higher  than  that  of  boiling  water.  Let  us 
compare  the  condition  of  the  two  living  human  beings 
with  that  of  two  marble  statues,  placed  in  the  same  oven. 
The  statues  become  gradually  hotter,  until  finally  they 
(Usume  the  temperature  of  the  air  of  the  oven;  the  two 
men,  under  the  same  circumstances,  do  not  similarly  rise 
in  temperature.  If  they  did,  the  tissues  of  the  lK«ly  would 
be  infallibly  destroyed,  the  temperature  which  they  en- 
dured being  more  than  sufficient  to  stew  the  muscles  in 
their  avta  liquids.  But  the  fact  is,  that  the  heat  of  the 
blood  is  scarcely  affected  by  an  augmentation  of  the 
txternal  heat.  This  heat,  instead  of  being  applied  to 
pincrcase  the  temperature  of  the  body,  is  applied  to  change 
ihe  aggregation  of  the  body ;  it  prepares  the  perspiration, 
rces  it  through  the  pores,  and,  in  part,  vaporises  it. 
Heat  is  here  converted  into  potentiaV  energy;  it  is  coii- 
med  in  work.  This  is  the  waste-pipe,  if  I  may  use  the 
nm,  through  which  the  excess  of  heat  overflows;  and 
Mice  it  is,  that  under  the  most  varying  conditions  of 
ilimate,  the  temperature  of  the  human  blood  is,  practically, 
iBtant.  The  blood  of  the  I>aplauder  is  sensibly  as  warm 
i  that  of  the  Hindoo;  while  an  Englishman,  in  sailing 
rom  the  north  pole  to  the  south,  finds  his  hlood-tempera- 
Bture  hardly  heightened  by  his  approach  to  the  efjuator, 
lod  hardly  diminished  by  his  approach  to  the  antarctic 
lole. 

(257)  When  the  communication  of  heat  is  gradual— iia 

it  always  is,  when  the  body  is  surrounded  by  an  imperfect 

tnductor — the  heat  is  consumed,  in  the  manner  indicated, 

R  fast  as  it  is  supplied  ;  hut  if  the  supply  of  heal  be  so 

nnick  (as  it  would  be  in  the  case  of  contact  with  a  good 

Sonductor) that  the  cnnversiun  into  this  lianiiles-'  potential 
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energy  cannot  be  executed  with  sufficient  rapiiiity,  injury 
U>  the  tissueB  ia  the  result.  Some  people  have  professed 
to  see,  in  this  power  of  the  living  body  to  resifit  a  high 
temperaturp,  a  coceervative  action,  peculiar  to  the  vitai 
force.  No  doubt,  all  the  actions  of  the  animal  organism 
are  connected  with  what  we  call  its  vitality;  but  the  action 
here  referred  to  ia  the  same  in  kind  aa  the  melting  of  ice, 
or  the  vaporisation  of  water.  It  consists,  simply,  in  the 
diversion  of  heat  from  the  purposes  of  temperature  to  the 
performance  of  work. 

(258)  Thus  far,  wehave  compared  the  conducting  power 
of  different  bodies  together ;  but  the  same  substance  may 
possess  different  powers  of  conduction  in  different  direc- 
tions. Many  crystals  are  bo  built,  that  the  motion  of  heat 
runs  with  gre-ater  facility  along  certain  lines  of  atoms  than 
along  others.     Here,  for  instance,  ia  a  large  rock-crystnl — 


ii  crystal  of  c[uartz — forming  a  hexagonal  pillar,  which,  if 
complete,  would  be  terminated  by  two  six-sided  pyramids. 
That  heat  travels  with  greater  facility  along  the  axis  of 
this  crystal,  than  across  it  has  been  proved  in  a  very 
e  manner  by  M.  de  Seaarmont     Of  these  two  plates 
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^^■f '  qiurtz,    one    (lig,    61)  is  cut    perpendicularly  to    the 
^■kis  of  the   crystal,  and  the  other  (%.   62)  parallel  to 
^^■t:.   The  ptatiiS  are  cuated  with  a  layer  of  white  was,  laid 
^^Pk  by  a  caiiiel's-hair   pencil.     They  are   pierced  at  the 
^Hkntre,  and  into  the  hule  is  inserted  a  amall  sewin)T.needle, 
wbicb  can  be  warmed  by  an  electric  current,     n  (fig.  tiO)  is 
the  battery,  wheDce  the  current  proceeds;  c  Is  a  capsule 
uf  wood,  through  the  bottom  of  which  the  sewing-needle 
[taasen:  •!  is  a  second  capsule,  into  which  dips  the  point 
uf  the  needle,  aud  q  is  the  perforated  plate  of  qnartz. 
Kach  capsule  contains  a  drop  of  mercury.     When  the  cur- 
rent pa<it>es  from  c  to  d,  the  needle  is  heated,  and  the  heat 
is  propagated  in  all  directions.     The  wax    melts  around 
the  place  where  the  heat  ia  applied;  and  on  this  plate, 

k which  is  cut  perpendicularly  to  the  axis  of  the  quartz, 
the  figure  of  the  melted  wax  is  a  perfect  circle  (fig.  61). 
The  heat  has  travelled  with  the  same  rapidity  all  hound, 
and  melted  the  wax  to  the  Bume  distauce  in  all  direc- 
tions. [  make  a  similar  experiment  with  the  other  plate : 
the  wax  is  now  melting ;  but  its  figure  is  no  longer  a 
circle.  The  heat  travels  more  speedily  along  the  axin 
than  across  it,  and  hence  the  wax  figure  is  an  ellipse, 
instead  of  a  circle  (fig.  62).  When  the  wax  dries,  I  will 
project  magnified  imiiges  of  these  two  plates  upon  the 
f-creen,  and  you  will  then  see  the  circular  figure  of  the 
melted  wax  un  the  one,  and  the  oval  figure  on  the  other- 
Iceland  spar  conducts  better  along  the  crystallograpbic 
iixis  than  at  right  angles  to  it,  while  a  ei-ystal  of  tourma- 
line conducts  beat  at  right  angles  to  its  axis.  The  metal 
liiNmnth,  with  which  you  are  already  acquainted,  cleavett 
nith  great  facility  in  one  direction,  and,  aa  well  shown 
i  V  MM.  Svanlierg  and  Matteucci,  it  conducts  both  heat 
lud  electricity  better  along  the  plnnes  of  cleavage  than 
ii'roBS  them, 
(2iJ!f)  In  wixkI,  we  Iiiivl-  iin  eminent   example  of  t 
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difference  of  conducHvity.  Many  yearB  ago  MM.  de 
la  Rive  and  De  Candolle  instituted  an  enquiry  into  the 
conductive  power  of  wood,*  and,  iu  the  case  of  five  spe- 
cimenB  examined,  established  the  fact  that  the  velocity 
of  transmission  was  greater  along  the  fibre  than  across 
it.  The  manner  of  experiment  was  that  Ui>ual]y  adopted 
in  enquiries  of  this  nature,  and  which  was  applied  to 
metals  by  M.  Despretz.f  A  bar  of  the  substance  was 
taken,  one  end  of  which  was  brought  into  contact  with  a 
source  of  heat,  and  alloweii  to  remain  there  until  a  state 
of  equilibrium  was  assumed.  The  temperatures  attained 
by  the  bar,  at  various  distances  from  its  heated  end,  were 
ascertained  by  means  of  thermometers  fitting  into  cavities 
made  to  receive  them ;  from  these  data,  with  the  aid  of  a 
well-known  formula,  the  conductivity  of  the  wood  was 
determined. 

(260)  To  determine  the  velocity  of  calorific  transmission, 
in  different  directions,  through  wood,  the  instrument  shown 
in  fig.  63  was  devised,  some  years  ago,  by  myself,  q  g'  r  r' 
IS  an  oblong  piece  of  raabogany,  A  is  a  bar  of  antimony, 
B  ia  a  bar  of  bismuth.  The  united  ends  of  the  two  bars 
are  kept  in  close  contact  by  the  ivory  jaws  1 1',  and  the 
other  ends  are  let  into  a  second  piece  of  ivory,  in  which 
they  are  firmly  fixed.  From  these  ends  proceed  two  pieces 
of  platinum  wire  to  the  little  ivory  cups  u  M,  commimi- 
cating  with  adrop  of  mercury  placed  in  the  interior.  Two 
small  projections  are  observed  in  the  figure,  jutting  from 
1 1' ;  across,  from  one  projection  to  the  other,  a  fine  mem- 
brane is  stretched,  thus  enclosing  a  little  chamber  Tn,  in 
front  of  the  wedge-like  end  of  the  bismuth  and  antimony 
junction ;  the  chamber  has  an  ivory  bottom,  s  is  a  wooden 
slider,  which  can  be  moved  smoothly  back  and  forward 
along  a  bevelled  groove,  by  means  of  the  lever  i_     This 


*  Mini,  de  U  Hoc,  do  Geniva,  toI.  it.  p.  70, 

t  AdqiIcb  de  Chim.  et  de  Ph;a.  Berenibcr  1837. 
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lever  turns  on  a  pivot  at  q,  and  fits  into  a  horizontal  nHc 
in  the  slider,  to  which  it  ia  attached,  by  the  pin  p'  paosing 
through  both ;  in  the  lever  an  oblong  aperture  is  cut. 
tiirough  which  j)'  passes,  and  in  which  it  has  a  certain 
amount  of  lateral  play,  so  as  to  enable  it  to  push  the  slider 
forward  in  a  straight  line.  Two  prfijections  are  seen  at  the 
end  of  the  slider;  across  these,  from  projection  to  projec- 
tion, a  thin  membrane  is  stretched  ;  a  chamber  m'  is  thiis 
formed,  with  three  sides  and  a  floor  of  wood,  and  boimded 
in  front  by  the  membrane.  A  thin  platinum  wire,  bent 
up  and  down  seveml  times,  so  as  to  form  a  kind  of  grating, 
was  laid  against  the  back  of  the  ciiamber  m',  and  imhetlded 
in  theendof  the  slider  by  the  stroke  of  a  hammer  ;  the  end 
was  then  filed  down,  until  about  half  the  wire  was  removed, 
and  the  whole  reduced  to  a  uniform  6at  surface.  Against 
the  common  surface  of  the  slider  and  wire,  an  extremely 
thin  plate  of  mica  was  glued,  sufficient,  simply,  to  inter- 
rupt all  contact  between  the  bent  wire  and  a  drop  of 
mercury,  which  the  chamber  m'  is  destined  to  contain; 
the  ends  w  n/  of  the  bent  wire  proceed  to  two  small 
cisterns  cc',  hollowed  out  in  a  slab  of  ivory,  and  filled 
with  mercury.  The  end  of  the  slider  and  its  bent  wire  are 
shown  in  fig.  64.  The  rectangular  space  efijh  (fig.  63") 
is  cut  quite  through  the  slab  of  mahogany,  and  a  brass 
plate  is  screwed  to  the  latter  imdemeatb  ;  from  this  plate 
(which  is  cut  away,  as  shown  by  the  dotted  lines  in  the 
figure)  four  conical  ivory  pillars  abcil  project  upwards; 
though  appearing  to  be  upon  the  same  plane  as  the  upper 
surfaces  of  the  bismuth  and  antimony  bars,  the  points  of 
the  pillars  are  in  reality  0-3  of  an  inch  below  the  said 
surfaces. 

(261)  The  body  th  be  examined  is  reduced  to  the  shape 
of  a  cube,  and  placed,  by  means  of  a  pair  of  pliers,  upon 
the  four  supports  ahcil;  the  slider  s  is  then  drawn  up 
against  the  cube,  and  the  latter  becomes  firmly  clasped 
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between  the  projectionn  of  the  piece  of  ivory  1 1'  on  the  one 
nde,4iid  those  of  the  slider  s  on  the  other,  The  chambers 
m  and  m'  being  filled  with  mercury,  the  membrane  in 
front  of  each  is  prcKsed  gently  against  the  cube  by  the 
interior  fluid  miuw,  and,  in  this  way,  a  uniform  contact, 
which  is  absolutely  essential,  is  secured. 

The  problem  which  requires  solution  is  the  following  :- 
It  is  required  to  apply  a  source  of  heat,  of  a  strictly 
measurable  character,  and  alwayx  readily  attainable,  to 
that  face  of  the  cube  which  is  in  contact  with  the  mem- 
brane m'  ut  the  end  of  the  slider,  and  to  determine  what 
quantity  of  this  heat  crosses  the  cube  to  the  opposite 
face,  during  a  minute  of  time. 

(2C2)  To  obtain  a  source  of  heat,  of  the  nature  described, 
the  following  method  was  adopted: — D  is  a  small  galvanic 
battery,  from  which  a  current  proceeds  to  the  tangent 
compass  T;  passes  round  the  ring  of  the  instrument,  de- 
flecting in  its  passage  the  magnetic  needle,  which  hangs 
ID  the  centre  of  the  ring.  From  t  the  current  proceeds  to 
the  rheostat  b:  this  instrument  cousisis  of  a  cylinder  of 
serpentine  stone,  round  which  a  tiennan-eilrer  wire  is 
■•oiled  spirally  ;  by  turning  the  handle  of  the  instrument, 
any  required  quantity  of  thin  powerfully  resinting  wire  is 
thrown  iuto  the  circuit,  the  current  being  thus  regulated 
;it  pleasure-  The  sitle  use  of  these  two  last  instruments, 
in  the  present  serie'*  of  experiments,  is  to  keep  the  current 
iwrfcctly  constant,  from  day  to  day.  From  the  rheostat 
the  current  proceeds  to  the  cistern  c,  thence  through  the 
bent  wire,  and  buck  to  the  cistern  c',  from  which  it  pro- 
B^aeds  to  the  other  pole  of  the  battery. 
W  (263)  The  Wnt  wire,  during  the  passage  of  the  ciirrent, 
becomes  gently  heated  !  the  heat  is  transmitted  through 
the  mercury  iu  the  chamber  in'  to  the  membrane  in  front 
of  the  chamber;  this  membnine  becomes  the  prokimaie 
■  uurce  of  heal   iipplied  to  the  leff-haud   fiice  of  the  ci  ' 
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The  quantity  of  heat  transmitted  from  this  source,  through 
the  mass  of  the  cube,  to  the  opposite  face,  in  any  given 
time,  is  estimated  from  the  deflection  which  it  ia  iible  to 
produce  upon  the  needle  of  a  galvanometer,  connected 
with  the  bismuth  and  antimony  pair.  G  is  a  galvanometer, 
used  for  this  purpose ;  from  it  proceed  wires  to  the  mer- 
cury cups  M  M,  which,  as  before  remarked,  are  connected 
by  platinum  wires  with  a  and  n. 

(264)  The  action  of  mercury  upon  bismuth,  as  a  solvent, 
ia  well  known ;  an  amalgam  is  speedily  formed  when  the 
two  metals  come  into  contact.  To  preserve  the  thermo- 
electric couple  from  this  action,  their  ends  are  protected 
by  a  sheathing  of  the  same  membrane  as  that  used  in  front 
of  the  chambers  m  m'. 

(265)  Previous  to  the  cube's  being  placed  between  the 
two  membraneK,  the  latter,  by  virtue  of  the  fluid  masses 
behind  them,  bulge  out  a  little,  thus  forming  a  pair  of  soft 
and  slightly  convex  cushions.  When  the  cube  is  placed  on 
its  supports,  and  the  slider  is  brought  up  against  it,  both 
cushions  are  pressed  flat,  and  thus  the  contact  is  made 
perfect.  The  surface  of  the  cube  is  larger  than  the  surface 
of  the  membrane ;"  and  hence  the  former  is  always  firmly 
caught  between  the  opposed  rigid  projections,  the  slider 
being  held  fast  in  this  position  by  means  of  the  spring  r, 
which  is  then  attached  to  the  pin  j).  The  exact  manner 
of  experiment  is  as  follows:  —  Having  first  seen  that 
the  needle  of  the  galvanometer  points  to  zero,  when  the 
t  her  mo-circuit  is  complete,  the  latter  is  interrupted  by 
means  of  the  break-circuit  key  f.  At  a  certain  moment, 
marked  by  the  second  hand  of  a  watch,  the  voltaic  circuit 
is  closed  by  the  key  k,  and  tiie  current  is  permitted  to 
circulate  for  sixty  seconds ;  at  the  sixtieth  second  the 
voltaic  circuit   is  broken,  by  the  left  hand  at  k,  while, 

"ne  intttant,  the  thermo-electric  circuit  is  closed 

•  Tip  edge  of  ench  tube  meu&ured  03  iin'h. 
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by  the  right  hand  at  k.  The  needle  of  the  galvanometer 
ia  instantly  deflected,  and  the  limit  of  the  first  impulsion 
IB  noted.  The  amount  of  this  impulsion  depenrla,  of 
course,  upon  the  qnantity  of  heat  which  has  reached 
the  bismiith  and  antimony  junction,  through  the  mass 
ot  the  cube,  during  the  time  of  action.  The  limit  of  ihe 
first  impulsion  being  noted,  the  cube  ia  removed,  and 
the  inBtniment  is  allowed  to  cool,  until  the  needle  of  the 
galvanometer  returns  a^uin  to  zero. 

(2fi6)  Judging  from  the  deacription,  the  mode  of  espe- 
rimeut  may  appear  complicateil,  but,  in  reality,  it  is  not 
so,  A  single  experimenter  has  the  most  complete  com- 
mand over  the  entire  arrangement.  The  wires  from  the 
small  galvanic  battery  (a  single  cell)  remain  undisturbed 
from  day  to  day ;  atl  that  is  to  be  done  in  to  connect 
the  battery  with  them,  and  everything  is  ready  for  en- 
periment. 

(267)  There  are  in  wood  three  lines,  at  right  angles  to 
each  other,  which  tho  mere  inspection  of  the  substance 
enables  us  to  tu  upon,  as  the  necessary  resultants  of 
molecular  action :  the  first  line  is  parallel  to  the  fibre;  the 
second  is  perpendicular  to  it,  and  to  the  ligneous  layers 
which  indicate  the  annual  growth  of  the  tree ;  while  the 
third  is  perpendicular  to  the  fibre,  and  parallel,  or  rather 
tangential,  to  the  layers.  From  each  of  a  number  of  trees 
a  cube  was  cut,  two  of  the  faces  being  parallel  to  the 
ligneous  layers,  two  perpendicular  to  them,  while  the 
remaining  two  were  perpendicular  to  the  fibre.  It  was 
proposed  to  examine  the  velocity  of  calorific  transmieaion 
through  the  wood,  in  these  three  directions.  It  may  be 
remarked,  that  the  wood  was  in  all  canea  well-seasuned 
and  dry. 

8)  The  cube  was  first  placed  upon  its  four  supports 
^■ia  b  c  d,  so  that  the  Hue  of  flux  from  m'  to  m  was  parallel 
I  the  fibre,  and  the   deflection    produced  by  the    heat 
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transmitted  in  sixty  seconds,  was  observed.  The  cube 
wae  then  placed  with  its  fibre  vertical,  the  line  of  flux 
from  m'  to  m  being  perpendicular  to  the  fibre,  and  pa- 
rallel to  the  ligneous  layers;  the  deflection  produced 
hy  a  minute's  action,  in  this  case,  wai  also  determined. 
Finally,  the  cube  was  turned  90°  round,  its  fibre  being 
still  vertical,  so  that  the  line  of  flux  was  perpendicular 
to  both  fibre  and  layers,  and  the  consequent  deflec- 
tion was  observed.  In  the  comparison  of  these  two  lattei- 
directions,  the  chief  delicacy  of  manipulation  is  neeesaary. 
It  requires  but  a  rough  experiment,  to  demonstrate  the 
superior  velocity  of  propagation  along  the  fibre,  biit  the 
velocities  in  all  directions  perpendicular  to  the  fibre  are  so 
nearly  equal,  that  it  is  only  hy  great  care,  and,  in  the 
majority  of  cases,  by  numerous  experiments,  that  a  diflTer- 
ence  of  action  can  be  securely  established. 

(269)  The  foUowii^  table  contains  some  of  the  result^ a 
of  the  enquiry;  it  will  explain  itself: — 
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(270)  The  above  table  furnishes  ua  with  a  corroboratioi 

of  the  reaiilt  arrived  at  by  De  la  Rive  and  De  Candolle,         ^M 

regarding  the  superior  conductivity  of  the  wood,  in  the         ^^M 

dircctiou  of  the  tibre.    Evidence  ia  also  afforded,  as  to  how          ^| 

little  mere  density  affecta  the  velocity  of  trana mission.          ^H 

There  appears  to  be  neither  law,  nor  general  rule  here.          ^B 
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inuloiibtedly,  a  higher  transmiseive  power  than  any  uther 
iu  the  list.  Iron-wood,  on  the  contrary,  with  a  specific 
gravity  of  1'426,  stands  low.  Again,  oak  and  Coromandel- 
wood^the  latter  eo  hard  and  dense,  that  it  is  used  for 
sliarp  war- instruments  by  savage  tribes— stand  near  the 
head  of  the  list,  while  Scotch  fir  and  uther  light  woods 
Ktand  low. 

(271)  if  we  cast  our  eyes  along  the  second  and  thirds 
columns  of  the  table,  we  shall  find  that,  in  every  instance^' 
the  velocity  of  propa^tion  is  greatest  in  a  direction  per- 
pendicular to  the  ligneous  layers.  The  law  of  molecular 
action,  as  regards  the  transmission  of  heat  through  wood, 
may  therefore  be  expressed  as  follows  ;^ 

At  all  the  points,  not  situate  in  the.  centre  of  the  tret,. 
wood  possesses  ihre«  unequal  axes  of  calonfic  conductioHf 
T.-hick  are  at  right  angles  to  eacli  other.  The  first  and 
principal  axis  is  parallel  to  tfut  fibre  of  the  wood;  the 
second  and  intermediate  axis  is  perpendicular  to  tha 
fibre,  and  to  ilie  ligneous  layers;  vihile  Hie  third  and 
least  axis  ie  pa'pemlicular  to  the  fibre,  a)id  parallel  to 
the  layei-8. 

(272)  MM.  De  la  Rive  and  De  Candolle  have  remarked 
upon  the  influence  which  its  feeble  conducting  power  in 
lateral  direction  must  exert,  in  preserving  within  a  tree  th< 
warmth  which  it  acquires  from  the  soil.  In  virtue  of  this 
property,  a  tree  is  able  to  resist  sudden  changes  of  tem- 
perature, which  wonld  probably  be  prejudicial  to  it 
resists  alike  the  sudden  abstraction  of  heat  from  within, 
and  the  sudden  accession  of  it  from  without.  But  Xature 
has  gone  farther,  and  clothes  tbe  tree  with  a  sheathing  of 
worse-conducting  material  than  the  wood  itself,  even 
its  worst  direction.  The  following  are  the  de6ections, 
obtained  by  submitting  a  number  of  cubes  of  bark,  of  the 
same  size  as  the  cubes  of  wood,  to  the  same  cunditious  of  J 
r.vperimeut : — 


I 
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Betch-lreB  bark         .         .        ,  7°  10'8° 

Oak-Irp«b»rk   ....  7  110 

Elm-trcB  bnrk  ....  7  11*5 

Pine-lreo  bark  ...  7  120 

Tbe  direction  of  traDsniisston,  in  these  cases,  waa  From 
fthe  interior  surface  of  the  bark  outwards, 

(273)  The  average  deflection,  produced  by  a  cube  nf 
>od,  when  the  Hiix  itn  lateral,  may  be  taken  at 

12°; 

a  cube  of  rock  crystal  (pure  silica),  of  the  same  .'iize,  pro- 
duces a  deflection  of 


I 


L-  (274)  There  are  the  strongest  experimental  groiimis  for 
wlieving  that  rock-crystal  possesses  a  higher  conductive 
power  than  some  of  the  metals. 

(275)  The  following  numbers  express  the  transmiiwive 
power  of  a  few  other  organic  structures : — 


Tooti  of  walrus 

Tusk  of  EIuil-IndiAQ  plephnn 

WhaJebcmo 

Rhinocero*  horn 

Cow'b  horn 


(27C)  The  Bubstanees  used  in  the  construction  of  organic 
tissues  are  exactly  such  as  are  best  calculated  to  resist 
(tudden  changes  of  temperature. 

(277)  Tbe  following  results  farther  illustrate  this  point. 
Each  of  the  substances  mentioned  was  reduced  to  the 
cubical  form,  and  submitted  to  an  examiaation,  eimilar  in 
every  respect  to  that  of  wood  and  quartz.  While,  how- 
ever, a  cTibe  of  the  latter  substance  produces  a  deflection 
of  90",  a  cube  of 
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Sealing-wai  produces  a  deflMtion  of  .         .  0*" 

Solelnathcr (I 

Bees'-wax 0 

Glno 0 

Gatta-porcha 0 

India-rulilwr 0 

Fiitort-liorael 0 

Almoad-kerDel  ......  0 

Soiled  ham-muHcle 0 

Eow  Teul-musolo 0 

(278)  The  subatancea  here  named  are  animal  and  vege- 
table productions ;  and  the  experiments  demimstrate  the 
extreme  imperviouBness  of  every  one  of  them.  Starting 
from  the  principle,  that  sudden  accesfiions  or  deprivations 
of  heat  are  prejudicial  to  animal  and  vegetable  health,  we 
see  that  the  materials  chosen  are  preciaely  those  beat  cal- 
culated to  avert  such  changefi. 

(279)  I  wish  now  to  direct  your  attention  to  what  may, 
at  first  sight,  appear  to  you  a  paradoxical  experiment. 
Here  is  a  short  prism  of  bismuth,  and  here  another  of 
iron,  of  the  same  size.  The  ends  of  both  prisms  are 
coated  with  white  was,  and  placed,  with  their  coated  siu:- 
faces  upwards,  on  the  lid  of  this  vessel,  which  contains 
hot  water.  The  motion  of  heat  will  propagate  itself 
through  the  prisms,  and  you  are  to  observe  the  melting 
of  the  wax.  It  is  already  beginning  to  yield,  but  on 
which  ?  On  the  bismuth.  And  now  the  white  has 
entirely  disappeared  from  the  bismuth,  the  wax  over- 
spreading it  in  a  transparent  liquid  layer,  while  that  on  the 
iron  is  not  yet  melted.  How  is  this  result  to  be  recon- 
ciled with  the  fact,  stated  ia  our  table  of  conductivities) 
that,  the  conduction  of  irou  being  12,  the  conduction  of 
bismuth  is  only  2  ?  In  this  experiment,  the  bismuth 
seems  to  be  the  beat  conductor.  We  solve  this  enigma  by 
turning  to  our  table  of  specific  heats  (page  1 38),  where  we 
tind  that,  the  specific  heat  of  iron  being  0'1138,  that 
of  bismuth  is  only  0-0308 ;   to  nse,  therefore,  a  certain 
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number  of  degrees  in  temperature,  iron  requires  more 
than  three  times  the  absolute  quantity  of  heat  required 
by  bismuth.  Thus,  though  the  iron  ie  really  a  much 
better  conductor  thau  the  bismuth,  and  is  at  this  moment 
accepting,  in  every  imit  of  time,  a  much  greater  amount  of 
heat  thau  the  bismuth,  still,  in  cou8e(|ueuce  of  the  number 
of  it«  atoms,  or  the  magnitude  of  its  interior  work,  the 
augmentation  of  temperature  in  its  case  is  slow.  Bis- 
muth, on  the  contrary,  can  immediately  devote  a  large 
proportion  of  the  heat  imparted  to  it,  to  tlie  augmentation 
of  temperature ;  and  thus  it  apparently  outstrips  the  iron, 

^ia  the  transmission  of  that  motion,  to  which  temperature 
I*  due. 
k  (280)  You  see  here,  very  plainly,  the  incorrectness  of 
flie  statements  sometimes  made  in  books,  and  frequently 
also  by  candidates  in  our  science  examinations,  regard- 
ing the  experiment  of  Ingenhausz,  already  referred  to. 
It  is  usually  stated,  that  the  greater  the  gnick'neaa  with 
which  the  wax  melts,  the  better  is  the  conductor.  If 
the  baii  conductor  and  the  good  conductor  have  the 
same  specific  heat,  this  is  true  ;  but  in  other  cases, 
as  proved  by  our  last  experiment,  it  may  be  entirely 
incorrect.  Tlie  proper  way  of  proceeding,  as  already 
indicated,  is  to  wait  until  both  the  iron  and  the  bismuth 
have  attained  a  constant  temperature— till  each  of  them, 
in  fact,  has  accepted,  and  is  transmitting,  all  the  motion 
which  it  can  accept,  or  transmit,  from  the  source  of  heat ; 
when  this  is  done,  it  is  found  that  the  quantity,  trans- 
mitted by  the  iron,  is  many  times  greater  than  that  trans- 
mitted by  the  bismuth.  You  remember  our  experiments 
with  the  Trevelyau  instrument,  and  know  the  utility  of 
having  a  highly  expansible  body  as  the  bearer  of  the  rocker. 
Lead  is  good,  because  it  is  thus  expansible.  But  the  co- 
efficient of  expansion  of  zinc  is  slightly  higher  than  that 
of  lead  :  still  zinc  does  not  answer  well,  aa  a  block.     The 
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reason  is,  the  specific  heat  of  zinc  is  more  than  three  time* 
that  of  lead,  so  that  the  heat,  communicated  to  the  zinc  by 
the  contact  of  the  rocker,  produces  only  about  one-third 
the  augmentation  of  temperature,  and  a  correspondingly 
small  amount  of  local  expansion. 

(281)  These  considerations  also  show  that  inoureiperi- 
ments  on  wood  tlie  quantity  of  heat  transmitted  by  our 
cube  in  one  minute's  time,  cannot,  in  strictness,  be  re- 
garded as  the  expression  of  the  conductivity  of  the  wood, 
unless  the  specific  heat  of  the  various  woods  be  the  same. 
On  this  point,  no  experiments  have  been  made.  But,  as 
regards  the  inSuence  of  molecular  structure,  the  experi- 
ments hold  good,  for  here  we  compare  one  direction  with 
another,  in  the  same  cube.  With  respect  to  organic 
structures,  I  may  add  that,  even  allowing  them  time  to 
accept  all  the  motion,  which  they  are  capable  of  ac- 
cepting, from  a  source  of  heat,  their  power  of  trans- 
mitting that  motion  is  exceedingly  low.  They  are  really 
bad  conductors. 

(282)  It  ia  the  imperfect  conductihility  of  woollen  tex- 
tures, which  renders  them  so  eminently  fit  for  clothing. 
'ITiey  preserve  the  body  from  sudden  accessions,  and  from 
sudden  losses  of  heat.  The  same  quality  of  non-conducti- 
bility  manifests  itself,  when  we  wrap  flannel  round  a 
block  of  ice.  The  ice  tlius  preserved  is  not  easily  melted. 
In  the  case  of  a  human  body,  on  a  cold  day,  the  woollen 
clothing  prevents  the  transmission  of  motion  from  within 
outwards.  In  the  case  of  the  ice,  on  a  warm  day,  the 
self-same  fabric  prevents  the  transmission  of  motion  from 
without  inwards.  Animals  which  inhabit  cold  climates 
are  furnished  by  Nature  with  their  necessary  clothing. 
Birds,  especially,  need  this  protection,  for  they  are  still 
more  warm-blooded  than  tbe  mammalia.  They  are  fur- 
nished with  feathers,  and  betwren  the  feathers  the  inter- 
stices are  filled  with  down,  the  molecular  constitution  and 
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tnecbanical  texture  of  which  render  it,  perhaps,  the  worst 
of  all  conductors.  Here  we  have  another  example  of 
that  harmonious  relation  of  life  to  the  conditions  of  lifei 
irhich  is  incessantly  presented  to  the  student  of  natural 


(283)  The  indefatigable  Rmnford  made  an  elaborate 
aeries  of  e:cperiments,  on  the  conductivity  of  the  substances 
used  in  clothing.*  His  method  was  this: — A  mercurial 
thermometer  was  suspended  in  the  axis  of  a  cylindrical 
glass  tube,  ending  with  a  globe,  in  such  a  manner  that  the 
centre  of  the  bulb  of  the  thermometer  occupied  the  centre 
of  the  globe :  the  space,  between  the  internal  surface  of 
the  globe  and  the  bulb,  was  filled  with  the  substance  whose 
conductive  power  was  to  be  determined ;  the  instrument 
iras  then  heated  in  boiling  water,  and  afterwards  plunged 
into  a  freezing  mixture  of  pounded  ice  and  salt,  the  times 
of  cooling  down  135°  Kahr.  being  noted.  They  are  re- 
corded in  the  following  table ;— 


IVisted  Hlk  .        - 

.       917 

Fine  lint 

.      11P3L' 

Cotlon  wool  . 

.     llUfi 

.thcep'.  wool 

.      IIB 

Taffoty 

.      1109 

Raw  .ilk       -        .        - 

.     1264 

BcaTera'  fiir  . 

,    4286 

Ridordown   . 

.     laofi 

Ilart-Vfor     . 

.     1SI3 

Wood  n»ht6  .        .         . 

1127 

ChBnroal         .         . 

.      837 

Lampbkck    . 

.     1117 

(284)  Among  the  substances  here  examined,  harea'  fur 
offered  the  greatest  impediment  to  the  transmission  of  the 
|ieat. 

(285)  The  transmission  of  heat  is  powerfully  influenced 
■  the  mechanical  slat*  of  the  body  through  which  it 

•  Phil.  Tnina.  17B2,  p,  *8, 
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passes.  The  raw  and  twisted  silk  of  Rumford's  table 
illustrate  this.  Pure  silica,  in  the  state  of  hard  rock- 
crystal,  is  a  better  conductor  than  hismuth  or  lead;  but 
if  the  crj'stal  be  reduced  to  powder,  the  propagation  of 
heat  through  that  powder  is  exceedingly  slow.  Through 
transparent  rock-salt  heat  is  copiously  conducted,  through 
common  table-salt  very  feebly.  Here  is  some  asbestos, 
a  substance  composed  of  certain  silicates  in  a  fibrous  con- 
dition :  I  place  it  on  my  band,  and  on  the  asbestos  a  red- 
hot  iron  ball :  the  ball  can  be  supported  without  iucon- 
venience.  The  abestos  interceptfi  the  beat.  That  this 
division  of  the  substance  should  interfere  with  the  trana- 
raission  might  reasonably  be  inferred ;  for,  heat  being 
motion,  anything  which  disturbs  the  continuity  of  the 
molecular  chain,  along  which  the  motion  is  conveyed, 
must  affect  the  transmission.  In  the  case  of  the  asbestos, 
the  fibres  of  the  silicates  are  separated  from  each  other  by 
spaces  of  air;  to  propagate  itself,  therefore,  the  motion 
has  to  pass  from  the  solid  to  the  air,  a  very  light  body, 
and  again  from  the  air  to  the  solid,  a  comparatively  heavy 
body ;  and  it  is  easy  to  see,  that  the  transmission  of  motion 
through  this  composite  texture  must  be  very  imperfecL 
In  the  case  of  an  animal's  fur,  this  is  more  especially  the 
case ;  for  hero,  not  only  do  spaces  of  air  intervene  between 
the  hairs,  but  the  hairs  themselves,  unlike  the  fibres  of  the 
asbestos,  are  very  bad  conductors.  Lava  has  been  known 
to  flow  over  a  layer  of  asbes,  underneath  which  was  a  bed 
of  ice,  and  the  uon-conductivity  of  the  ashes  has  saved  the 
ice  from  fusion.  Red-hot  cannon-balls  may  be  wheeled 
to  the  gun's  mouth  in  wooden  barrows  partially  filled 
with  sand.  Ice  is  packed  in  sawdust,  to  prevent  it  from 
melting;  powdered  charcoal  is  also  an  eminently  bad 
conductor.  But  there  are  cases  where  sawdust,  chaff, 
or  charcoal,  could  not  be  used  with  safety,  on  account  of 
their  combustible  nature.     In  such  cases,  powdered  gyp- 
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sum  may  be  used  with  advantage ;  in  the  solid  cryHtalline 
state,  it  is  on  incomparably  worse  couductor  than  silica,  and 
it  may  be  safely  inferred,  that,  in  the  powdered  state,  its 
imperviousness  far  tTanecends  tbat  of  sand,  each  grain  of 
which  is  a  good  conductor.  A  jacket  of  gypBum  powder, 
round  a  stciam  boiler,  would  materially  leseen  its  loss  of 
heat. 

(286)  Water  usually  holds  certain  minerals  in  solution. 
In  percolating  through  the  earth,  it  dissolves  more  or  less 
of  the  substances  with  which  it  comes  into  contact.  For 
example,  in  chalk  districts,  the  water  always  contains  a 
quantity  of  carbonate  of  lime  ;  such  water  is  called  hard 
wafer.  Sulphate  of  lime  is  also  a  common  ingredient  of 
wat«r.  In  evaporating,  the  water  only  is  driven  off, 
the  raineinl  is  left  behind,  often  in  quantities  too  great 
■to  be  held  in  solution  by  the  water.  Many  springs  are 
atrongly  impregnated  with  carbonate  of  lime,  and  the 
«onseqiience  is,  that  when  the  waters  of  such  springs  reach 
the  surface,  and  are  exposed  to  the  air,  where  they  can 
partially  evaporate,  the  mineral  is  precipitated,  and  forms 
locruBtatious  on  the  surfaces  of  plants  and  stones,  over 
'wbich  the  water  trickles.  In  boiling  water,  the  same 
occurs ;  the  minerals  arc  precipitated,  and  there  is  scarcely 
ft  kettle  in  London,  which  is  not  internally  coated  with 
R  mineral  incrustation.  This  is  an  extremely  serious 
difficulty,  as  regards  steam  boilers;  the  crust  is  a  bad 
conductor,  and  it  may  become  so  thick,  as  materially  tn 
intercept  the  passage  of  heat  to  the  water.  Before  you  is 
an  example  of  this  mischief.  This  is  a  portion  of  a  boiler 
belonging  to  a  steamer,  which  was  all  but  lost  through  the 
exhaustion  of  her  coals:  to  bring  this  vesi»el  into  port, 
her  spars,  and  every  other  piece  of  available  wood,  were 
burnt.  On  examination,  this  formidable  incrustation  was 
jbund  within  the  boiler:  it  is  mainly  carbonate  of  lime, 
which  by  its  non-conducting  power  rendered  a  prodigal 
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expenditure  of  fuel  necessary,  to  generate  the  required 

quantity  of  steam.     Doubtless,   the    slowness   of  many 
kettles  in  boiling  would  be  found  due  to  a  similar  cause. 

(287)  One  or  two  instances  of  the  action  of  good  con- 
ductors, in  preventing  the  local  accumulation  of  heat,  will 
not  be  out  of  place  here.  These  two  spheres  are  of  the  same 
BJze,  and  are  both  covered  closely  with  white  paper.  One  of 
them  18  copper,  the  other  is  wood.  I  place  a.  spirit  lamp 
underneath  each  of  them.  The  motion  of  heat  is,  of  course, 
communicating  itself  to  each  ball,  but  in  one,  it  is  quickly 
conducted  away  from  the  place  of  contact  with  the  flame, 
through  the  entire  mass  of  the  ball ;  in  the  other,  this 
quick  conduction  does  not  take  place,  the  motion  therefore 
accumulates  at  the  point  where  the  flame  plays  upon  the 
ball;  and  here  you  have  the  result.  On  turning  up  the 
wooden  ball,  the  white  paper  is  seen  to  be  charred:  the 
other  ball,  bo  far  from  being  charred,  is  wet,  at  its  under 
surface,  by  the  condensation  of  the  aqueous  vapour  ge- 
nerated by  the  lamp.  Here  is  a  cylinder  covered  closely 
with  paper;  I  hold  its  centre,  thus,  over  the  lamp,  turning 
it  HO  that  the  flame  shall  play  all  round  the  cylinder :  you 
see  a  well-defined  black  mark,  on  one  side  of  which  the 
paper  is  charred,  on  the  other  side  not.  The  cylinder  is 
half  brass  and  half  wood,  and  this  black  mark  shows  their 
line  of  junction:  where  the  paper  covers  the  wood,  it  is 
charred;  where  it  covers  the  brass,  it  is  not  sensibly 
affected. 

(288)  If  the  entire  moving  force  of  a  common  rifle 
bullet  were  communicated  to  a  heavy  cannon-ball,  it  would 
produce  in  the  latt«r  a  very  small  amoimt  of  motion. 
Supposing  the  rifle  bullet  to  weigh  two  ounces,  and  to 
have  a  velocity  of  1, 600  feet  a  second,  the  moving  force  of 
this  bullet,  communicated  to  a  100  lb.  cannon-ball,  would 

irt  to  the  latter  a  velocity  of  only  32  feet  a  second, 
with   regard  to  a  flame ;  its  molecular   motion  is 
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very  inteDse,  but  its  weight  U  extremely  sdiuII,  and  if 
communicated  to  a  beavy  body,  tlie  inteiiHitv  of  the 
motion  must  fall.  Here,  for  example,  is  n  sbeet  of 
wire  gauze,  with  meshes  wide  enough  to  allow  air  to 
pass  freely  through  them  ;  and  here  is  a  jet  of  gas, 
burning  brilliantly.  I  bring  down  the  wire  gauze  upon 
the  Same;  you  would  imagine,  tliat  the  flame  could 
readily  pass  through  the  meshes  of  the  gauze:  but  no, 
not  a  flicker  gets  through  (tig.  65).     The  combustion  is 
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Itatirely  confined  to  the  space  under  the  gauze.  I  ex- 
^Hnguish  the  flame,  and  allow  the  unignited  gas  to  stream 
from  the  burner.  I  place  the  wire  gauze,  thus,  above 
the  burner:  the  gas  is  now  freely  paaaing  through  the 
meshes.  On  igniting  the  gas  above,  you  have  the  flame, 
but  it  does  not  propagate  itself  downwards  to  the 
burner  (6g,  66).  You  see  a  dark  space  of  four  inches, 
between  the  burner  and  the  gauze,  a  space  filled  with  gaa 
in  a  condition  eminently  favourable  to  ignition,  but  still  it 
does  not  ignite.  Thus,  you  see,  this  metallic  gauze,  which 
allows  the  gas  to  pass  freely  through,  intercepts  the  flame. 
And  why?  A  certain  heat  is  necessary,  to  cause  the  gas 
to  ignite ;  but  by  placing  the  vrire  gauze  over  th«  flame, 

I  or  the  flame  over  the  wire  gauze,  you  transfer  the  motion 
"of  that  light  and  quivering  thing  to  thecompanitively 
iieavy  metal.  The  intensity  of  the  molecular  motion  is 
igreatiy  lowered  :  so  much  lowered,  indeed,  that  it  i; 
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petent  to  propagate  the  combustion  to  the  opposite  aide  of 
the  gauze. 

(289)  We  are  all,  unhappily,  too  well  acquainted  with 
the  terrible  accidents  that  occur,  through  exploBiona  in 
coal  mines,  You  know  that  the  cause  of  these  esplosions 
is  the  presence  of  a  certain  gaa — a  compound  of  carbon 
and  hydrogen — generated  in  the  coal  strata.  Wlien  this 
gas  is  mixed  with  a  sufficient  quantity  of  air,  it  explodei^ 
on  ignition,  the  carbon  of  the  gas  uniting  with  the  oxygen 
of  the  ;ur,  to  produce  carbonic  acid  ;  the  hydrogen  of  the 
gas  uniting  with  the  oxygen  of  the  air,  to  produce  water. 
By  the  flame  of  the  explosion,  the  miners  are  burnt;  but 
even  should  this  not  destroy  life,  they  are  often  suffocated 
afterwards,  by  the  carbonic  acid  produced.  The  original 
gas  is  the  miner's  'fire-damp,'  the  carbonic  acid  ia  bis 
'  choke-damp.'  Sir  Humphry  Davy,  after  having  assured 
himself  of  the  action  of  wire  gauze,  just  exhibited  before 
you,  applied  it  to  the  construction  of  a  lamp,  which 
should  enable  the  miner  to  carry  bis  light  into  an  ex- 
plosive atmosphere.  Previous  to  the  introduction  of  the 
safety  lamp,  the  miner  had  to  content  himself  with  the 
light  from  sparks  produced  by  the  collision  of  flint  and 
steel,  for  these  sparks  were  found  incompetent  to  ignite 
the  fire-damp. 

(290)  Davy  surrounded  a  common  oil  lamp  by  a  cylin- 
der of  wire  gauze  (fig.  67).  So  long  as  this  lamp  is  fed  by 
pure  air,  the  flame  burns  with  the  ordinary  brightness  of 
an  oil-flame ;  but  when  the  miner  comes  into  an  atmo- 
sphere containing  '  fire-damp,'  hia  flame  enlarges,  and  be- 
comes less  luminous ;  instead  of  being  fed  by  the  pure 
oxygen  of  the  air,  it  is  now,  in  part,  surrounded  l>y  inflam- 
mable gas.  This  enlargement  of  the  flame  he  ought  to 
take  as  a  warning  to  retire.  Still,  though  a  continuous 
explosive  atmosphere  may  extend  from  the  air  outside, 
through  the  meahea  of  the  gauze,  to  the  flame  within,  igni- 
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fion  is  not  propagated  across  the  gauze.    The  lamp  may  be 

filled  with  an  almost  liglitless  flame ;  still, 

explosion  does  not  occur.  A  defect  in  the  ^'°-  "' 

gauze,  the  destructioQ  of  the  wire  at  any 

point  by  oxidation,  hastened  by  the  flame    . 

playing  against  it,  would  cause  exploaion. 

The  motion  of  the  lamp  through  the  air 

might  also  force,  mechaniailly,  the  flame 

through  the  meshes.     In  short,  n  certain 

amount  of  intelligence   and   caution   is 

necessary  in  using  the  lamp.    This  intel- 

tligence,UDhappily,ia  not  always  possessed, 
Bor  this  caution  always  exercised,  by  the 
miner ;  and  the  consequence  is,  that,  even 
with  thesafety-lamp,explosions8till  occur. 
Before  permitting  a  man  or  boy  to  enter 

»a  mine,  would  it  not  be  well  to  place 
these  results,  by  experiment,  visibly  before 
him  ?  Mere  advice  will  not  enforce  cau- 
tion ;  but  let  the  miner  have  the  physical 
image  of  what  he  is  to  expect,  clearly  and  vividly  before 
his  mind,  and  he  will  And  it  a  restraining  and  a  monitory 
influence,  long  after  the  effect  of  cautioning  words  baa 
I  passed  away. 

(291)  A  word  or  two,  now,  on  the  conductivity  of  liquids 
i  tnd  gases.  Riimford  made  numerous  experiments  on  this 
I  subject,  showing  at  once  clearness  of  conception,  and  skill 
I  of  execution.  He  supposed  liquids  to  be  non-conductors, 
1  clearly  distinguishing  the  'transport'  of  heat,  by  convec- 
\  tion,  from  true  conduction  ;  and  in  order  to  prevent  con- 
E  vection  in  bis  liquids,  he  heated  them  at  tlie  top.  In  this 
I  way,  he  found  the  heat  of  a  warm  iron  cylinder  incnmpe- 
^  lent  to  pass  downwards,  through  0-2  of  an  inch  of  olive 
;  be  also  boiled  water  in  a  glass  tube,  over  ice,  without 
melting  the  latter  substance.     The  later  experiments  of 
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M.  Despretz  apparently  show  that  liquids  poeseas  true, 
though  extremely  feeble  powers  of  conduction.  Rumford 
also  denied  the  conductivity  of  gases,  though  he  was  well 
acquainted  with  their  convection."  The  subject  of  ga-seous 
conduction  has  been  recently  taken  up  by  Professor  Mag- 
nus, of  Berlin,  and  this  distinguished  philosopher  considers 
his  esperinients  prove  that  hydrogen  gas  conducts  heat 
like  a  metal, 

(292)  The  cooling  action  of  air  by  convection  may  be 
thus  illustrated.    On  sending  a  voltaic  current  through  this 
coil  of  platinum  wire,  it  glows  bright  red. 
Km,  8S.  I  now  stretch  out  the  coil,  so  as  to  form 

A  a  stnvigbt  wire ;  the  glow  instantly  sinfca 

— you  can  hardly  see  it.  This  effect  is 
due  to  the  freer  access  of  the  cold  air  to 
the  stretched  wire.  Here,  again,  is  a  re- 
ceiver R  (fig.  68)  which  can  be  exhausted 
at  pleasure ;  attached  to  the  bottom  is  a 
vertical  metal  rod,  m  n,  and  through  the 
top  another  rod,  a  b,  passes,  which  can 
he  moved  up  and  down  through  an  air- 
tight collar,  so  as  to  bring  the  ends  of 
the  two  rods  within  any  required  distance 
of  each  other.  At  present,  the  rods  are 
united  by  two  inches  of  platinum  wire, 
b  m,  which  may  be  heated  to  any  re- 
quired degree  of  intensity  by  a  vol- 
taic current.  On  establishing  connec- 
tion with  this  small  battery,  the  wire 
is  barely  luminous  enough  to  be  seen ;  in  fact,  the 
current  frum  a  single  cell  only  is  now  sent  through  it. 
It  is  surrounded  hy  air,  which  is  carrying  o£F  a  portion 
of  its  heat.  When  the  receiver  is  exhausted,  the  wire 
glows  more  brightly  than  before.  I  allow  air  to  re-enter — 
•  Phil.  Trons,  1TS2  ;  Esbujb,  vol.  ii.  p.  56. 
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the  wire,  for  a  time,  is  quite  quenched,  in  fact,  rendered 
perfectly  black;  but  after  the  air  baa  ceased  to  enter,  its 
first  feeble  glow  is  restored.  The  current  of  air  here  pasK- 
ing  over  the  wire,  and  destroying  ita  glow,  acts  like  the 
current  eatablished  by  the  wire  itself,  by  heating  the  air 
in  contact  with  it.  The  cooling  of  the  wire,  in  both  cnses, 
is  due  to  convection,  not  to  true  conduction. 

(293)  The  same  effect  is  obtained,  in  a  greatly  increaseii 
degree,  if  hydrogen  be  used  instead  of  air.  We  owe  this 
interesting  observation  to  Mr.  Grove,  and  it  formed  the 
starting-point  of  M.  Magnus's  investigation.  The  receiver 
is  now  exhausted,  the  wire  being  almost  white-hot.  Air 
cannot  do  more  than  reduce  that  whiteness  to  bright  red- 
ness ;  but  observe  what  hydrogen  can  do.  On  the  entrance 
of  this  gas,  the  wire  is  totally  quenched,  and  even  aft«r 
the  receiver  has  been  filled  with  the  gas,  and  the  inward 
current  has  ceased,  the  glow  of  the  wire  is  not  restored. 
"  The  electric  current,  now  passing  through  the  wire,  is  from 
^Ktwo  cells;  I  try  three  cells,  the  wire  glows  feebly;  five 
^^laiiBe  it  to  glow  more  brightly,  but  even  with  five,  it  is 
but  a  bright  red.  Were  no  hydrogen  there,  the  current  now 
pasflingthrough  the  wire  would  infallibly  fuse  it.  Let  us  see 
whether  this  is  not  the  case.  On  exhausting  the  receiver  the 
first  few  strokes  of  the  pump  produce  a  scarcely  sensible 
effect;  but  the  effect  of  rarefaction  soon  begins  to  be  visible. 
The  wire  whitens,  and  appears  to  thicken.     To  those  at  a 

t distance  it  is  now  as  thick  as  a  goose-quill;  and  now  it 
glows,  upon  the  point  of  fusion;  I  continue  to  work  the 
pump, — the  light  suddenly  vanisheB :  the  wire  is  fiised. 
(294)  This  extraordinary  cooling  power  of  hydrogen  bae 
lieen  usually  ascribed  to  the  mobility  of  its  particles,  which 
enables  currents  to  establish  tbemselves  in  this  gas,  with 
greater  facility  than  in  any  other.  But  Professor  Magnus 
conceives  the  chilling  of  the  wire  to  be  an  effect  of  con- 
duction.    To  impede,  if  not  to  prevent  the  formation  of 
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currents,  lie  passes  Lis  platinum  wire  along  the  stxia  of  a 
narrow  glass  tube,  filled  with  hydrogen.  y\!thougb,  in  this 
caae,  the  wire  is  surrounded  by  a  mere  film  of  the  gas,  and 
the  presence  of  currents,  in  the  ordinary  sense,  is  scarcely 
to  be  assumed,  the  film  shows  itself  just  as  competent  to 
i|ueDch  the  incandescence  as  when  the  wire  is  caused  to  pass 
through  a  large  vessel  containing  the  gas.  Professor  Magnus 
also  heated  the  closed  top  of  a  vessel,  and  found  that  the 
heat  was  conveyed  more  quickly  from  it  to  a  thermometer, 
placed  at  some  distance  below  the  source  of  heat,  when  the 
vessel  waa  filled  with  hydrogen,  than  when  it  was  filled 
with  air.  He  found  this  to  he  the  case  even  when  the 
vessel  was  loosely  filled  with  cotton  wool  or  eider  down. 
Here,  he  contends,  currents  could  not  be  formed ;  the  heat 
must  be  conveyed  to  the  thermometer  by  the  true  process 
of  conduction,  and  not  by  convection. 

(295)  Beautiful  and  ingenious  as  these  experiments  are, 
I  do  not  think  they  establish  the  conductivity  of  hydrogen. 
Let  us  suppose  the  wire,  in  Professor  Magnus's  first  ex- 
periment, to  be  stretched  along  the  axis  of  a  wide  cylinder 
containing  hydrogen,  we  should  have  convection,  in  the 
ordinary  sense,  on  heating  the  wire.  Where  does  the  heat 
thus  dispersed  ultimately  go?  It  is  manifestly  given  up 
to  the  aides  of  the  cylinder,  and  if  we  narrow  our  cylinder, 
we  simply  hasten  the  transfer.  The  process  of  narrowing 
may  continue,  till  a  narrow  tube  is  the  result, — -the  con- 
vection between  centre  and  sides  will  continue,  and  pro- 
duce the  same  cooling  effect  ns  before.  The  heat  of  the 
gas  being  instantly  lowered,  by  communication  to  the 
heavy  tube,  it  is  prepared  to  re-abetract  the  heat  from  the 
wire.  With  regard,  also,  to  the  vessel  heated  at  the  top, 
it  would  reqiiire  a  surface  mathematically  horizontal,  and 
a  perfectly  uniform  application  of  heat  to  that  surface — it 
would,  moreover,  be  necessary  to  cut  the  heat  sharply  off 
from  the  sides  of  the  vessel — to  prevent  convection.     Even 
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in  the  interstices  of  the  eider  down  and  of  the  cotton 
wool,  the  convective  mobility  of  hydrogen  will  make  itself 
felt,  and,  taking  everything  into  account,  I  think  the  ex- 
perimental question  of  gaseous  conduction  is  still  an  open 


one. 


*  In  mj  opinion,  the  question  of  liquid  conduction  also  demands  further 
investigation.  This  opinion  is  founded  on  numerous  experiments  which  I 
hare  m  self  made  in  connection  with  this  question. 
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(296)  117"E  have  this  day  reached  the  boundary  of 
'  »  one  of  the  two  great  divisioDH  of  our  sul)- 
ject.  Hitherto  we  have  dealt  with  heat,  while  associated 
with  solid,  liquid,  or  g;aBeoiis  bodies.  We  huve  found  it 
competent  to  produce  changes  of  vnUime  in  all  these 
bodies.  We  have  also  ohserved  it  reducing  solids  to 
liquids,  and  liquids  to  vapoura ;  we  have  seen  it  trana- 
mitted  through  solids,  by  the  process  of  conduction,  and 
distributing  itself  through  liquids  and  gases  by  the  process 
of  convection.  We  have  now  to  follow  it  into  conditions 
of  existence,  different  from  any  which  we  have  heretofore 
examined. 

(297)  This  heated  copper  ball  hangs  in  the  air;  you  see 
it  glow,  the  glow  sinks,  the  ball  becomes  obscure;  in 
popular  language,  the  ball  cools.  Bearing  in  mind  what 
has  been  Raid  on  the  nature  of  beat,  we  must  regard  this 
cooling  as  a  lose  of  molecular  motion.     But  motion  cannot 


I 
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be  lost :  it  must  be  imparted  to  somettiing;  to  what  then 
is  the  molecular  motion  of  this  ball  transferred?  You 
would,  perhaps,  answer,  to  the  air;  andtbia  ia  partly  true: 
over  the  ball  air  is  paaaing,  and  rising  in  a  heated  column, 
quite  visible  against  tbe  screen,  if  we  aUow  the  electric 
beam  to  paaa  through  the  warmed  air.  But  not  tbe  whole, 
not  even  the  chief  part,  of  the  molecular  motion  of  the 
ball  is  dissipated  jn  this  way.  If  the  ball  were  placed  in 
vacuo,  it  would  still  cool.  Rumford,  of  whom  we  have 
beard  ao  much,  contrived  to  hang  a  smull  thermometer,  by 
a  vingU  fibre  of  silk,  iu  tbe  middle  of  a  glass  globe,  ex- 
hausted by  means  of  mercury,  and  hefound  that  the  calorific 
rays  passed  to  and  fro  across  the  vacuum  ;  thus  proving  the 
transmission  of  tbe  heat  to  be  independent  of  air.  Davy, 
with  the  apparatus  now  before  yon,  showed  that  the  beat 
rays  from  tbe  electric  light  pass  freely  through  an  aii-pump 
vacuum ;  and  we  can  repeat  his  experiment  siibstaiitially 
for  ourselves.  It  is  only  necessary  to  take  the  receiver 
already  employed  (fig.  68),  and,  removing  tbe  remains  of 
the  platinum  wire,  then  destroyed,  attach  to  each  end  of 
the  two  rods,  m,  n  and  o  t,  a  bit  of  retort  carbon.  I  now 
exhaust  the  receiver,  bring  the  coal-points  together,  and 
•end  a  current  from  point  to  point.  The  moment  the 
points  are  drawn  a  little  apart,  tbe  electric  tight  shines 
forth :  and  here  ia  the  thermo-electric  pile  ready  to  receive 
a  portion  of  the  rays.  The  galvanometer  needle  at  once 
flies  aside,  and  this  has  been  accomplished  by  rays  which 
have  crossed  the  vacuum. 

(298)  But  if  not  to  air,  to  what  is  the  motion  of  our 
cooling  ball  communicated?  We  must  reach  by  easy 
stages  the  answer  to  this  question.  Men  had  taken  a  very 
considerable  step  iu  science,  when  they  first  obtained 
clear  conception  of  the  way  in  which  sound  is  transmitted 
through  air,  and  a  very  important  experiment  was  made 
by  Hauksbee  before  tbe  Koyal  Society  in  1705,  when  he 
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showed  that  sound  could  not  propagate  itself  through  a 
vacuum.  Now  I  wish,  in  the  first  iDstance,  to  make  raaoi- 
fest  to  you  this  conveyance  of  the  vibrations  of  sound  by 
the  air.  This  hell  is  turned  upside-down,  and  supported 
by  a  atand.  When  a  fiddle-bow  is  drawn  across  the  edge 
of  the  hell  you  hear  its  tone;  the  bell  is  now  vibrating, 
and  when  sand  is  thrown  upon  its  flattisb  bottom  it  ar- 
ranges itself  there,  so  as  to  fnrm  a  detinite  figure ;  or  if  it 
were  filled  with  water,  we  should  have  the  surface  fretted 
with  beautiful  criapations.  These  crispations  would  show 
that  the  bell  in  emitting  this  note,  divides  itself  into  four 
swinging  parts,  sepamted  from  each  other  by  lines  of  no 
swinging.  Here  is  a  sheet  of  tracing  paper,  drawn  tightly 
over  a  hoop,  so  as  to  form  a  kind  of  fragile  drum.  When 
held  over  the  vibrating  bell,  but  not  so  as  to  touch  the 
latter,  you  hear  the  shivering  of  the  membrane.  It  ia  a 
little  too  slack;  I  tighten  it  by  warming  it  before  the 
fire,  and  repeat  the  experimeot.  You  no  longer  bear  a 
shivering,  but  a  loud  musical  tone,  superadded  to  that  of 
the  hell.  When  the  membrane  is  raised  and  lowered,  or 
moved  to  and  fro,  you  hear  the  rising  and  the  sinking  of  the 
tone.  Here  is  a  smaller  drum,  which  I  pass  round  the 
bell,  holding  the  membrane  vertical ;  it  actually  bursts 
into  a  roar,  when  brought  within  half  an  inch  of  the  bell. 
The  motion  of  the  hell,  communicated  to  the  air,  has  been 
transmitted  to  the  membrane,  and  the  latter  is  thus  con- 
verted into  a  aouorouB  bndy. 

(299)  The  two  plates  of  brass,  A  B  (tig.  69),  are  united 
together  by  a  metal  rod.  The  plates  have  been  darkened 
by  bronzing,  and  on  both  of  them  is  strewn  a  quantity  of 
fine  white  sand,  I  now  take  the  connecting  brass  rod  by 
its  centre,  between  the  finger  and  thumb  of  my  left  hajid, 
and  holding  it  upright,  draw,  with  my  right,  a  piece  of 
flannel,  over  which  a  little  powdered  resin  has  been  shaken, 
;  the  rod.     You  bear  the   sound ;    but  observe  the 


VIBEATI0X8   COMMUNICATED. 


231 


behaviour  of  the   sand 
to  jump  into  a  series 

(|iiit«   visible   to   you   all. 

I  you  bear  the  clear,  weak 

I  musical   souud,  and   see 

I  the  aaud  sbiveriug,  am 

[  creeping,  hy  degrees,  to 

f  the   lines  which   it   for- 

[  inerly     occupied.      The 

I   curves  now  there  are  as 

aharply  drawn  upon  the 

surface  of  tbe  lower  disk, 

BS  if  tbey  bad  beeu  ar- 


iogle   stroke   has   caused  it 

of  concentric  riugw,  which   must 

Operating   more   gently; 


*-ith 


mel's- 


I 


hair  pencil.  Ontbeuppei 
disk,    you    see    a   seriei 
of  concentric   circles 
the  snme  kind.  Theviitra- 
tiona  here  imparted  to  tbe 
rod  have  communicate<i 
themselves   to   both  tbe 
diskB,   and  divided  eaeh 
of  them  into  a  series 
vibrating    segments,    i 
parated  from  each  other 
by  lines  of  no  vibration, 
on  which  lines  the  sand 
finds  peace. 

(31K))  Now  let  me  show 
you  tbe  transmisBion  oj 
these  vibrations,  from  the 
lower  disk  through  tbeair. 
On  tbe  floor  is  a  paper 
drum,  D,  with  dark-coloured  sand  strt 
it;    1    might    stand    on    tbe    table, — 


wu  imiformly  over 
or   indeed  as  high 
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as  the  ceiling,  and  produce  the  effect  which  yon  are 
now  to  witness.  Pointing  tlic  rod  which  unites  the 
plates,  in  the  direction  of  the  paper  drum,  I  draw  the 
i-fsined  rubber  vigorously  over  the  rod  :  a.  single  stroke 
has  caused  the  sand  to  spring  into  a  reticulated  pat- 
tern. A  precisely  similar  effect  is  produced,  by  sound, 
on  the  drum  of  the  ear;  the  tympanic  membrane  is 
caused  to  shiver,  in  the  same  manner  as  that  drum-head 
of  paper,  and  its  motion,  conveyed  to  the  auditory  nerves, 
and  transmitted  thence  to 
the  brain,  awalies  in  us  the 
sensation  of  sound. 

(301)  Here  is  a  still  more 
striliing  example  of  the  con- 
veyance of  the  motion  of 
sound  through  air.  By  per- 
mitting a  jet  of  gas  to  issut; 
through  a  small  orifice,  a 
slender  flame  is  obtained, 
and  by  turning  the  cock, 
the  flame  is  reduced  to  a 
height  of  about  half  an 
inch.  The  flame  is  then 
introduced  into  this  glass 
tube,  AB  (fig.  70),  which  is 
twelve  inches  long.  Give  me 
your  permission  to  address 
that  flame.  If  I  be  skilful 
enough  to  pitch  my  voice 
to  a  certain  note,  the  flame 
will  respond  by  suddenly 
;,  and  it  will  continue  singing, 
s  continues  to  burn.  The  burner  is  now- 
arranged  within  the  tube,  which  covers  it  to  a  depth  of  a 
luple  of  inches.     If  the  tube  were  lower,  the  flame  would 
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sing  of  its  own  accord,  as  in  the  well-known  case  of  the 
hydrogen  harmonica ;  but,  with  the  present  aiTangeraent, 
it  cannot  sing  until  oi-dered  to  do  so.  I  emit  a  sound, 
which  you  will  pardon,  if  it  be  not  musical.  The  fiame 
does  not  respond ;  it  has  not  been  spoken  to  in  the  proper 
language.  But  a  note  of  somewhat  higher  pit<'h  causes 
the  flame  to  stretch,  and  every  individual  in  thix  large 
audience  now  hears  its  song.  I  atop  the  sound,  and  stand 
at  a  greater  distance  from  the  flame  :  now  that  the  proper 
pitch  ha^  been  ascertained,  the  experiment  is  sure  to  suc- 
ceed, and  from  a  distance  of  twenty  or  thirty  feet,  the 
flame  is  caused  to  sing.  I  turn  my  back  upon  it,  and  strike 
the  note  aa  before :  when  called  to,  it  answers,  and,  with  a 
little  practice,  one  is  able  to  command  a  flame  to  sing  and 
to  atop,  while  it  strictly  obeys  the  injunction.  Here,  then, 
we  have  a  striking  example  of  the  conveyance  of  the 
rilirations  of  the  organ  of  voice  through  air,  and  of  their 
communication  to  a  body  eminently  sensitive  to  their 
action.* 

(302)  Why  are  these  experiments  on  sound  performed? 
Simply  for  the  purpose  of  giving  you  clear  conceptions 
regarding  what  takes  place  in  the  case  of  heat ;  to  lead  you 
from  the  tangible  to  the  intangible;  from  the  region  of 
sense  into  that  of  theory. 

(303)  After  philosophers  had  become  aware  of  the  man~ 
ner  in  which  sound  was  produced  and  transmitted,  analogy 
led  some  of  them  to  suppose  that  light  might  be  produced 
and  transmitted  in  a  somewhat  similar  manner.  And 
perhaps,  in  the  whole  history  of  science,  there  was  never  a 
question  more  hotly  contested  than  this  one.  Sir  Isaac 
Kewton   supposed   light  to   consist  of  minute  particles, 

*  Though  not  brloDging  to  oar  present  Bubjwt,  lo  nnnj  p«nona  havs 
evin^cJ  nil  intereBt  in  tliis  Biperiment,  that  1  have  IweD  indufed  to  roprint 
two  thort  papers  in  the  Appendix  In  thi*  Cb&pter,  in  which  the  expcnmrnt 
it  mora  fullj  deKriliod. 
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darted  out  from  luminous  >)odies:  this  was  the  celebrated 
Emission  Theory.  Hiiyghens,  the  contemporary  of  Newton, 
found  great  difficulty  in  conceiving  this  cannonade  of  par- 
tiolefl ;  or  in  realizing  that  they  could  shoot  with  inconceiv- 
able velocity  through  apace,  and  yet  not  disturb  each  other. 
This  celebrated  man  entertained  the  view  that  light  was 
produced  by  vibrations,  similar  to  those  of  sound.  Euler 
supported  Huyghens,  and  one  of  his  arguments,  though 
uot  truly  physical,  is  so  quaint  and  curious,  that  I  will 
repeat  it  here.  He  considers  our  various  senses,  and  the 
manner  in  which  they  are  affected  by  external  objects. 
'  With  regard  to  smell,'  he  says, '  we  know  that  it  is  pro- 
duced by  material  particles,  which  issue  from  a  volatile 
body.  lu  the  case  of  hearing,  nothing  is  detiiched  tirom 
the  sounding  body,  and  in  the  case  of  feeling  we  must 
touch  the  body  itself.  The  distance  at  which  our  senses 
perceive  bodies  is,  in  the  case  of  touch,  no  distance :  in  the 
case  of  smell,  a  smnll  distance;  in  the  ca.'^e  of  heariug,  a 
considerable  distance ;  but,  in  the  case  of  sight,  greatest  of 
all.  It  ia  therefore  more  probable  that  the  same  mode  of 
propagation  subsists  for  sound  and  light.,  than  that  odours 
and  light  should  be  propagated  in  the  same  manner; — that 
luminous  bodies  should  behave,  not  as  volatile  substances, 
but  as  sounding  ones.' 

(304)  The  authority  of  Newton  bore  these  men  down,  and 
not  until  a  man  of  genius  within  these  walls  took  up  the 
subject,  bad  the  Theory  of  Undidation  any  chance  of 
coping  with  the  rival  Theory  of  Emission.  To  Dr.  Thomas 
Young,  formerly  Professor  of  Natural  Philosophy  in  this 
Institution,  belongs  the  immortal  honour  of  stemming  this 
tide  of  authority,  and  of  establishing,  on  a  safe  basis,  the 
Theory  of  Undulntion.  Great  things  have  been  done  in  this 
edifice;  but  scarcely  a  greater  thing  than  this.  AndYoung 
was  led  to  his  conclusion  regarding  light,  by  a  series  of 
investigations  on  sound.     He,  like  ourselves  at  the  present 
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^^^moiDeat,  rose  from  the  known  to  the  unknown,  from  the 
^Hi  tangible  to  the  ititungible.  Thia  subject  has  been  illuB- 
^H  trated  and  enriched  by  the  labours  of  genius  ever  since  the 
^HUme  of  Young;  but  one  name  only  will  I  here  associate 
^^vvith  his, — a  name  which,  in  connection  with  this  ques- 
^P  tioQ,  can  never  be  forgotten :  that  is,  the  name  of  Augustin 
Fremel. 

(305)  According  to  the  theory  now  universally  received, 
light  conHists  of  a  vibratory  motion  of  the  particles  of  the 

I  luminous  body ;  but  bow  is  this  motion  transmitted  to  our 
'  orguDS  of  sight  ?  Sound  has  the  air  as  its  medium,  and  a 
close  exajnination  of  the  phenomena  of  light,  by  the  most 
refined  and  demonstrative  experiments, has  led  philosophers 
to  the  conclusion,  that  space  is  occupied  by  a  substance 
tiraost  infinitely  elastic,  through  which  the  pulses  of  light 
aiake  their  way.  Here  your  conceptions  mustbepeTfectly 
«lear.  The  intellect  knows  no  difference  between  great  and 
iniall :  it  is  just  as  easy,  a^  an  intellectual  act,  to  picture  a 
vibrating  atom  as  to  picture  a  vibrating  cannon-ball ;  and 
there  is  no  more  difficulty  in  conceiving  this  ether,  as  it  is 
called,  which  fills  space,  than  imagining  all  space  filled  vdth 
[  jelly.  YoumuBt,then,imaginetheatomsofluminoiiH bodies 
I  vibrating,  and  their  vibrations  you  must  figure  as  com- 
I  municated  to  the  ether  in  which  they  swing,  being  propa- 
gated through  it  in  waves;  these  waves  enter  the  pupil, 
cross  the  ball,  and  impinge  upon  the  retina,  at  the  back 
'  uf  the  eye.  The  act,  remember,  is  as  real,  and  as  truly 
mechanical,  as  the  stroke  of  sea  waves  upon  the  shore. 
The  motion  of  the  ether  is  communicated  to  the  retina, 
transmitted  thence  along  the  optic  nc-rve  of  the  brain,  and 
'   there  announces  itself  to  consciousnetwi,  as  light. 

(306)  On  the  screen  in  front  of  you  I  project  an  image 
of  the  incandescent  coal  points,  which  produce  the  elec- 
tric light.  The  points  are  first  brought  together,  and  then 
separated.     Observe  the  effect.     You  have  first  the  place 


of  contact  rendered  luminous,  tlieii  you  see  the  j 
ducted  downwarda,  to  a  certain  distance  along  the  stem 
of  coal.  This,  as  you  know,  is  in  reality  the  conduction 
of  motion.  When  the  circuit  is  interrupted,  the  poiDt'i 
continue  to  glow  for  a  short  time.  Their  light  is  now  snb- 
siding,  and  now  they  are  quite  dork ;  but  have  they  ceased 
to  radiate  ?  By  no  means.  At  the  preseut  moment,  there 
is  a  copious  emission  from  these  points,  whioh,  though 
incompetent  to  affect  sensibly  the  nerves  of  vision,  is  quite 
competent  to  affect  other  nerves  of  the  human  system. 
To  the  eye  of  the  philosopher,  who  looks  at  such  matters 
without  reference  to  sensation,  these  obscure  radiations 
are  precisely  the  same  in  kind,  as  those  which  produce  the 
impression  of  light.  You  must,  therefore,  figure  the  par- 
ticles of  the  heated  body  as  in  a  state  of  motion ;  you 
must  figure  that  motion  as  communicated  to  the  sur- 
rounding ether,  and  transmitted  through  it  with  a  velocity, 
which  we  have  the  strongest  reason  for  believing  to  be  the 
same  as  that  of  light.  Thus,  when  you  turn  towards  a 
tire  on  a  cold  day,  and  expose  your  chilled  hands  to  its 
influence,  the  warmth  which  you  feel  is  due  to  the  impact 
of  these  ethereal  billows  upon  your  skin ;  they  throw  the 
nerves  into  motion,  and  the  consciousness,  corresponding 
to  this  motion,  is  what  we  popularly  call  warmth.  Our 
task,  during  the  lectures  which  remain  to  us,  is  to  examine 
heat  thus  propagated  through  the  ether.  In  this  form  it 
ifl  called  Radiant  Heat. 

(307)  For  the  investigation  of  this  subject,  we  possess 
our  invaluable  thermo-electric  pile,  the  face  of  which  is 
DOW  coated  with  lampblack,  a  powerful  absorber  of  radiant 
heat.  I  hold  the  instrument  before  my  cheek;  it  is  a 
radiating  body,  and  the  pile  drinks  in  the  rays.  They  gene- 
rate electricity,  and  the  needle  of  the  galvanometer  moves 
up  to  90°.  Withdrawing  the  pile  from  the  source  of  heat, 
a""^  ""owing  the  needle  to  come  to  rest,  I  now  place  this 
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slab  of  ice  in  front  of  the  pile.  You  have  a  deflectioD 
the  opposite  direction,  as  if  rays  of  cold  were  strik- 
ing on  the  instnimeut.  But  in  thia  case  the  pile  is 
the  hot  body;  it  radiatea  ita  heat  against  the  ice;  the 
face  of  the  pile  is  thus  chilled,  and  the  needle,  moves  up 
to  90°  on  the  aide  of  cold.  Our  pile  is,  therefore,  not 
only  available  for  the  examination  of  heat  communicated 
to  it  by  direct  contact,  but  also  for  the  examination  of 
radiant  heat.  Let  us  apply  it  at  once  to  a  most  important 
investigation,  and  examine,  by  means  of  it,  the  distribution 
of  thermal  power  in  the  electric  spectrum. 

(308)  Let  rae,  in  the  first  place,  show  you  this  spectrnm. 
It  is  formed  by  sending  a  slice  of  pure  white  light  from  the 


A 


orifice,  o  (fig.  71),  through  a  double  convex  lens,  and 
through  a  prism,  a  b  c,  built  up  of  plane  glass  sides,  and 
filled  with  the  liquid  bisulphide  of  carbon.  This  liquid 
gives  a  richer  display  of  colour  than  glass  does,  and  this  is 
one  reason  for  its  employment  in  preference  to  glaso.  The 
white  beam  is  now  reduced  to  its  component  colours — red, 
orange,  yellow,  green,  and  blue ;  the  long  blue  space  being 
usually  subdivided  into  blue,  indigo,  and  violet.  I  will 
now  cause  a  thermo-electric  pile  of  particular  construction 
to  pass  gradually  through  all  these  colours  in  e 
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80  aa  to  test  their  heating  powers,  and  you  shall 
the  consequent  action  of  the  galvanometer. 

(309)  The  experiment  is  made  with  this  beautiful  piece 
of  apparatus  (fig.  7^)i  designed  by  Melloni,  and  executed, 

with  his  accustomed  skill,  by  M. 
Fin  73.  Rubnikorff."      You  observe  here 

^^1  a    polisheti  brass  plate,  ab,   at- 

^^fi"  X  tached  to  a  stem;    this  stem  is 

^^V''   ^^  mounted   on   a   horizontal    bar, 
^^J  \  which,  byraeans  of  a  sert^w,  may 

W   "       "^      have  motion  imparted  to  it.     By 
I  turning  this  ivory  Iiaudle  in  one 

I  direction,  the  plate  of  brass  is 

^L  caused  to  approach ;  by  turning  it 

J^L^  in  the  other,  it  is  caused  to  recede, 

^I^^Hk         the  motion  being  so  fine  and  gra- 
^■^M^^^^B         dual,  that  wc  can,  with  ease  and 
^^^^^^H^^Bft     CGrtainty,pushthe  screen  through 
■^     •  ~^^^L  *  space  less  than  ^niViT"'  "^  *'' 

"■^'  inch.  You  observe  a  narrow 
vertical  slit  in  the  middle  of  the  plate  A  R,  and  something 
dark  behind  it.  That  dark  line  is  the  blackeneil  face  of 
a  thermo-electric  pile,  p,  the  elements  of  which  are  ranged 
in  a  single  row,  and  not  in  a  square,  as  in  our  other  in- 
strument. We  will  allow  distinct  slices  of  the  spectrum  to 
fall  on  that  slit ;  each  will  impart  whatever  heat  it 
sesaes  to  the  pile,  and  the  quantity  of  heat  will  be  marl 
Iiy  the  needle  of  our  galvanometer. 

(310)  At  present,  a  small  but  brilliant  spectrum  falls 
upon  the  plate,  A  u,  but  the  pile  is  quite  out  of  the 
spectrum.  On  turning  the  handle,  the  slit  gradually  ap- 
proaches the  violet;  the  light  now  falls  upon  it,  but  the 
needle  does  not  more  sensibly.     In  the  indigo,  the  needle 

■  Lent  lo  me  by  mj'  friem!  M.  Gassii 
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is  still  quiescent;  the  blue  also  shows  no  action.  Nor 
Joes  the  green ;  the  yellow  falls  upon  the  slit ;  the  motion 
of  the  nee(ile  is  now  perhaps  for  the  first  time  visible 
to  you ;  hut  the  deflection  is  small,  though  the  pile  is 
exposed  to  the  mo8t  lumiTious  part  of  tlie  epectrum.*  I 
pass  on  to  the  orange,  which  is  less  himinoits  than  the 
yellow,  but  you  observe,  though  the  light  diminishes,  the 
heat  increases;  the  needle  moves  still  farther;  while  in  thf 
red,  which  is  slill  less  luminous  than  the  orange,  we  have 

re  greatest  thermal  power  of  the  visible  spectrum, 
(311)  The  appearance,  however,  of  this  burning  red 
might  lead  you  to  suppose  it  natural  for  such  a  colour  to 
be  hotter  than  any  of  the  others.  But  now  pay  attention. 
I  cause  the  pile  to  pass  entirely  out  of  the  spectrum, 
quit*  beyond  the  extreme  red.  The  needle  goes  promptly 
up  to  the  stops.  So  that  we  have  here  a  heat-spectrum 
which  we  cannot  see,  and  whose  thermal  power  is  far 
greater  than  that  of  any  part  of  the  visible  spectrum.  In 
fact,  the  electric  light,  with  which  we  deal,  emits  an 
infinity  of  rays  converged  by  onr  lens,  refracted  by  our 
prism,  forming  the  prolongation  of  onr  spectrum,  but  utterly 
incompetent  to  excite  the  optic  nerve.  It  is  the  same 
with  the  sun.  Our  orh  is  rich  in  these  obscure  rays: 
and  though  they  are,  for  the  most  part,  cut  off  by  our 
atmosphere,  multitudes  of  them  still  reach  us.  To  tht- 
celebrated  Sir  William  Herschel  we  are  indebted  for  this 
discover)-. 

(312)  This  is  sufficient  for  our  present  purpose.  I  pro- 
pose, in  a  future  lecture,  to  sift  the  composite  emission  of 
our  electric  lamp,  detaching  the  visible  from  the  invisible 
rays,  and  illustrating  the  discoveries  which  have  been 
recently  made  in  connection  with  the  subject  of  obscure 
radiation. 

*  I  urn  hero  druling  iritli  a  [iirg«  Ipcttm-room  gslvinoineter. 
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(313)  The  visible  Bpectrum,  tben,  simply  marks  an 
terval  of  radiant  action,  in  which  the  rays  are  no 
lated  to  our  organisation,  as  to  excite  the  impression  of 
light.  Beyond  this  interval,  in  both  directloTis,  radiant 
power  is  exerted — obscure  rays  fall — those  falling  beyond 
the  red  being  powerful  to  produce  heat,  while  those  falling 
beyond  the  violet  are  powerful  to  promote  chemical  action. 
These  latter  rays  can  actually  be  rendered  vLsible;  more 
Btriotly  speaking,  the  undulations  or  waves  which  are  now 
striking  here  beyond  the  violet  against  the  screen,  though 
they  are  incompetent  to  excite  vision,  may  be  caused  to 
impinge  upon  another  body,  to  impart  their  motion  to 
and  actually  to  convert  the  dark  space  beyond  the  vii 
into  a  brilliantly  illuminated  one.  The  means  of  makingf'' 
this  experiment  are  at  hand-  The  lower  half  of  this  sheet 
of  white  paper  has  been  washed  with  a  solution  of  sulphate 
of  quinine,  the  upper  half  being  left  in  its  natural  state. 
Holding  the  sheet  so  that  the  straight  line  dividing  its 
prepared  from  its  unprepared  half  shall  be  horizontal,  it 
will  cut  the  spectrum  into  two  equal  parts;  the  upper  half 
will  remain  unaltered,  and  you  will  be  able  to  compare 
with  it  the  under  half,  on  which  you  will  6nd  the  spec- 
trum elongated.  You  see  the  effect.  We  have  here 
splendid  fluorescent  band,  several  inches  in  width,  whi 
a  moment  ago  there  was  nothing  but  darkness.  When 
prepared  paper  is  removed,  the  light  disappears  ;  but  on 
reintroducing  it,  the  light  flashes  out  again,  showing  you, 
in  the  most  emphatic  manner,  that  the  visible  limits  of 
the  ordinary  spectrum  by  no  means  mark  the  limits  of 
radiant  action.  I  dip  my  brush  in  this  solution  of  sul- 
phate of  quinine,  and  dab  it  against  the  paper ;  wherever 
the  solution  falls,  light  flashes  forth.  The  existence 
these  extra  violet  rays  has  been  long  known  ;  it  was  kno< 
to  Thomas  Young,  who  actually  experimented  on  theni-; 
but  to  the  excellent  researches  of  Professor  Stokes  we  aiftj 
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indebted  for  our  present  complete  knowledge  of  this  aiib- 
ject.     He  rendered  the  rays  thus  visible. 

(314)  Howthen  are  we  to  picture  to  ourselves  the  rays, 
visible  and  invisible,  which  fill  this  large  space  upon  the 
Kcreen  ?  Why  are  some  of  them  visible  and  others  not  ? 
Why  are  the  visible  ones  distinyiiisbed  by  various  colours  ? 
is  there  anything  that  we  can  lay  hold  of,  in  the  undulations 
•if  the  ether,  to  which,  as  a  physical  cause,  we  must  assign 
the  colour  ?  Observe  first,  that  the  entire  beam  of  white 
light  is  drawn  aside  or  refracted  by  the  prism,  but  the 
violet  ia  pntleU  aside  more  than  the  indigo,  the  indigo 
more  than  the  blue,  the  blue  more  than  the  green,  the 
graen  more  than  tie  yellow,  the  yellow  more  than  the 
orange,  and  the  orange  more  than  the  red.  The  colours 
are  differently  refrangible,  and  upon  this  depends  the 
possibility  of  their  separation.  To  every  particular  degree 
of  refraction  belongs  a  definite  colour,  and  no  other.  But 
why  should  light  of  one  degree  of  refrangibility  produce 
the  sensation  of  red,  and  light  of  another  degree  the 
sensation  of  green  ?  This  leads  us  to  consider  more 
closely  the  cause  of  these  sensations. 

(315)  A  reference  to  the  phenomena  of  soimd  will 
materially  help  us  here.  Figure  clearly  to  your  minds  a 
harp-string  vibrating  to  aud  fro;  it  advances  and  causes 
the  particles  of  air  in  front  of  it  to  crowd  together,  thus 
producing  a  c»ndeneation  of  the  air.  It  retreats,  and  the 
air  particles  behind  it  separate  more  widely,  thus  producing 
a  rarrfaciion  of  the  air.  The  string  again  advances  and 
produces  a  condensation  as  before,  it  again  retreats  and 
produces  a  rarefaction.  In  this  way,  the  air,  through 
which  the  sound  of  the  string  is  propagated,  is  moulded 
int«  a  regular  sequence  of  condensations  and  rarefactions, 
which  travel  with  a  velocity  of  about  1,100  feet  a  second. 

(316)  The  condensation  and  rarefaction  constitut'-  »hat 
is  called  a  sonoroiu  pulse  or  wave.     The  len. 
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wave  is  measured  from  the  centre  of  one  condensation  to 
the  centre  of  the  next  one.  Now,  the  quicker  a  string 
vibrates,  the  more  qnickly  will  these  pulses  follow  each 
other,  anfl  the  shorter,  at  the  flame  time,  will  be  the 
length  of  each  individual  wave.  Upon  these  differences 
the  pitch  of  a  note  in  muRic  depends.  If  a  violin 
player  wishes  to  produce  a  higher  note,  he  shortens  the 
string  by  pressing  his  finger  on  it;  thereby  augment- 
ing the  rapidity  of  vibration.  If  his  point  of  pressure 
exactly  halves  the  length  of  liia  string,  he  obtains  the 
octave  of  the  note  which  the  string  emits,  when  vibrating 
ns  a  whole.  '  Boys  are  chosen  aa  choristers  to  produce  the 
shrill  notes,  men  to  produce  the  bass  notes;  the  reason 
being,  that  the  boy's  organ  vibrates  more  rapidly  than 
the  man's ;'  so,  the  hum  of  a  gnat  is  shriller  than  that  of  a 
beetle,  because  the  smaller  insect  can  send  a  greater 
number  of  impulses  per  second  to  the  ear. 

(317)  We  have  now  cleared  our  way  towards  the  full 
comprehension  of  the  physical  cauEe  of  colour.  This 
spectrum  is  to  the  eye  what  the  musical  scale  is  to  the  ear; 
its  different  colours  represent  notes  of  different  pitch.  The 
vibrations  which  producffthe  impression  of  red  are  slower, 
and  the  ethereal  waves  which  they  generate  are  longer, 
than  those  which  produce  the  impression  of  violet,  while 
the  other  colours  are  excited  by  waves  of  some  inter- 
mediate length.  The  length  of  the  waves  both  of  sound 
and  light,  and  the  number  of  shocks  which  they  respec- 
tively impart  to  the  ear  and  eye,  have  been  strictly 
determined.  Let  us  here  go  through  a  simple  calculation. 
Light  travels  through  space  at  a  velocity  of  192,000  miles 
a  second.  Reducing  this  to  inches,  we  find  the  number 
to  be  12,165,120,000.  Now  it  is  found  that  39,(K)0 
waves  of  red  light,  placed  end  to  end,  would  make  up  -an 
■■-ch;  multiplying  the  number  of  inches  in  192,000  miles 
W,000,  we  obtain  the  munber  of  waves  of  red  light 
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embraced  id  a  distance  of  192,000  mik's:  thiti  number  ia 
474,439,680,000,000.  All  tfte^e  waves  enter  the  eye  in  a 
elngle  second.  To  produce  the  itnpressiou  of  red  in  the 
bruiu,  the  retina  rautit  be  hit  nt  this  ulmost  incredible  rate. 
To  produce  the  imprcssioD  of  violet,  &  still  greater  number 
of  impulseH  is  necessary.  It  would  take  57,500  waves  of 
violet  to  till  aa  inch,  and  the  number  of  Bbocks  required 
to  produce  the  impression  of  this  colour  amounts  to  six 
hundred  and  ninety-uioe  millions  of  millions  per  second. 
The  other  colours  of  the  spectrum,  as  already  stated,  risi- 
graduaJly  in  pitcli  from  red  to  violet. 

(318)  But  beyond  the- violet  we  have  rays  of  too  high  a 
pitch  to  be  visible,  and  beyond  the  red  we  have  raya  of 
too  low  a  pitch  to  be  visible.  The  phouomeoa  of  light  are 
in  this  case  also  parallele<l  by  those  of  sound.  If  it  did 
not  involve  a  contradiction,  we  might  say  that  there  are 
musical  sounds  of  too  high  a  pitch  to  lie  heard,  and  also 
sounds  of  too  low  a  pitch  to  be  heard.  Speaking  strictly, 
there  are  waves  transmitted  through  the  air  from  vibrating 
bodies,  which,  though  they  strike  upon  the  ear  in  regular 
recurrence,  are  incompetent  to  excite  the  sensation  of  a 
musical  note.  Probably,  soimds  are  heard  by  insects, 
which  entirely  escape  our  perceptions!  and,  indeed,  as 
regards  human  beings,  the  selfsame  note  may  be  of  pierc- 
ing sbrillness  to  one  person,  while  it  is  absolutely  unheard 
by  another.  Both  as  regards  light  and  sound,  nur  organs 
of  sight  and  hearing  embrace  a  certain  practical  range, 
Ijeyond  which,  on  both  sides,  though  the  objective  cause 
exists,  our  nerves  cease  to  be  influenced  by  it. 

(319)  When,  therefore,  1  place  this  red-hot  copper  ball 
before  you,  and  watch  the  waning  of  it«  light,  you  will 
have  a  perfectly  clear  conception  of  what  is  occurring  here. 
The  atoms  of  the  ball  oscillate,  but  they  oscillate  in  a 
resisting  medium,  on  which  their  motion  is  expended, 
and   which  tiatiKmits  it   on  all  sides  with  incon  eival 
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velocity.  The  oscillations  competent  to  produce  light  are 
now  exhausted;  the  ball  is  quite  dark,  still  its  atoms 
oscillate,  and  still  their  oscillations  are  taken  up  and 
transmitted  on  all  sides  by  the  ether.  The  ball  cools  te  it 
thus  loses  its  molecular  motion,  but  no  cooling  to  which  it 
can  be  practically  subjected  can  entirely  deprive  it  of  its 
motion.  That  is  to  say,  all  bodies,  whatever  may  be  their 
temperature,  are  radiating  heat.  From  the  body  of  every 
individual  here  present,  waves  are  speeding  away,  some 
of  which  strike  upon  this  cooling  ball,  and  restore  a  por- 
tion of  its  lost  motion.  But  the  motion  thus  received  by 
the  ball  is  far  less  than  that  which  it  communicates,  and 
the  difference  between  them  expresses  the  ball's  loss  of 
motion.  As  long  as  this  state  of  things  continues,  the  ball 
will  continue  to  show  an  ever-lowering  temperature:  its 
temperature  will  sink  until  the  quantity  it  emits  is  equal 
to  the  quantity  which  it  receives,  and  at  this  point  its 
temperature  becomes  constant.  Thus,  though  you  are 
conscious  of  no  reception  of  heat,  when  you  stand  before  a 
body  of  your  own  temperature,  an  interchange  of  rays  is 
passing  between  you.  Every  superficial  atom  of  each 
mass  is  sending  forth  its  waves,  which  cross  those  that 
move  in  the  opposite  direction,  every  wave  asserting  its 
own  individuality,  amid  the  entanglement  of  its  fellows. 
When  the  sum  of  motion  received  is  greater  than  that 
given  out,  warming  is  the  consequence ;  when  the  sum  of 
motion  given  out  is  greater  than  that  received,  chilling 
takes  place.  This  is  Prevost's  Theory  of  Exchanges,  ex- 
pressed in  the  language  of  the  Wave  Theory. 

(320)  Let  us  occupy  ourselves  now,  for  a  short  time,  in 
illustrating  experimentally  the  analogy  between  light  and 
radiant  heat,  as  regards  reflection.  You  observed  when 
the  thermo-electric  pile  was  placed  in  front  of  my  cheek 
there  was  attached  to  it  an  open  cone  which  was  not 
employed  in  our  former  experiment?.     This  cone  is  sil- 
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vered  inHidf,  and  it  is  intended  to  tiugmeut  the  action  of 
fi^clile  radiations,  by  converging  them  upon  tlie  face  of  the 
thermo-electric  pile.  It  does  this  by  reflection.  Instead 
of  shooting  wide  of  the  pile,  as  many  of  them  wonld  do  if 
the  reflector  were  removed,  the  rays  meet  the  silvered 
Hiirface,  and  glance  from  it  against  the  pile.  The  augmen- 
tation of  the  effect  is  thus  shown.  1  place  the  pile  at  this 
end  of  the  tiihle  without  its  reflector,  and  at  a  distauct! 
of  foiu'  or  five  feet  this  copper  ball,  hot — but  not  red- 
hot  ;  you  observe  scarcely  any  motion  of  the  needle  of  the 
galvanometer.  Disturbing  nothing,  I  now  attach  the 
reflectfjr  to  the  pile;  the  needle  instantly  goes  up  to  90°, 
declaring  the  a\igmenteil  action. 

(321 )  The  law  of  this  reflection  is  precisely  the  same  as 
that  of  light.  Ijet  me  devote  a  few  minutes  to  the  illus- 
tration of  this  subject.  Observe  this  apparently  solid 
luminous  cylinder,  issuing  horizontally  from  our  electric 
lamp,  and  marking  itit  track  thus  vividly  upon  the  dust  of 
our  darkened  room.  Permitting  the  beam  to  fail  upon  this 
mirror,  it  is  reflected,  and  now  strikes  the  ceiling.  The 
horizontal  lieam  here  is  the  inc'tilenl  beam,  the  vertical  one 
is  the  reflected  beam,  and  the  law  of  light,  m  many  of  you 
know,  is,  that  the  angle  of  incidence  is  equal  to  the  tingle 
of  reflection.  The  incident  and  reflected  beams  now  en- 
close a  right  angle,  and  when  this  is  the  case  we  may  be 
sure  that  both  beams  form,  with  a  perpendicular  to  the 
surface  of  the  mirror,  an  angle  of  45°. 

(322)  I  place  the  electric  lamp  at  this  comer,  k,  of  the 
table  (tig.  73) :  behind  the  table  is  fixed  a  looking-glass,  L, 
and  on  the  tiible,  you  observe,  is  drawn  a  large  arc,  a  b. 
Attached  to  the  mirror  is  a  long  straight  lath,  ni  n.  so  tJjut 
the  mirror,  resting  upon  rollers,  can  be  turned  by  the  lath, 
which  is  to  serve  as  an  index.  Those  in  front  may  see  that 
the  lath  itself  and  its  reilection  in  the  mirror  now  ic 
straight  line,  which  proves  that  the  lath  is  perpen 
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to  the  mirror.  Right  and  left  of  the  central  line,  m  n, 
the  arc  is  divided  into  ten  equal  parts;  commencing  at 
the  end  e  with  0°,  the  arc  ia  graduated  up  to  20°.  I  now 
turn  the  lath  index,  so  that  it  shall  be  in  the  line  of  the 
beam  emitted  by  the  lamp.  Tlie  beam  falls  upon  the 
mirror,  striking  it  aa  a  perpendicular,  and  you  see  that  it 


is  reflected  back  along  the  line  of  incidence.  I  now  move 
the  index  to  1 ;  the  reflected  beam,  as  you  observe,  draws 
itself  along  the  table,  cutting  the  figure  2.  I  move  the 
index  to  "2,  the  beam  is  now  at  4;  I  move  the  index  to  3, 
the  beam  is  now  at  6 ;  I  move  it  to  5,  the  beam  is  now  at 
10;  I  move  it  to  10,  the  beam  is  now  at  20.-  Standing 
midway  between  the  incident  and  reflected  beams,  and 
stretching  out  my  arms,  my  finger  tips  touch  each  of  them. 
One  lies  as  much  to  the  left  of  the  perpendicular  aa  the 
other  does  to  the  right.  The  angle  of  incidence  is  equal  to 
the  angle  of  reflection.  But  we  have  also  demonstrated 
that  the  beam  moves  twice  as  fast  as  the  index ;  and  this 
is  usually  expressed  in  the  statement,  that  the  angular 
velocity  of  a  reflected  beam  is  twice  that  of  the  mirror 
which  reflects  it. 

(323)  You  have  already  seen  that  these  incandescent 
coal-points  emit  an  abimdance  of  obscure  rays — rays  of 
pure  beat,  which  have  no  illuminating  power.  We  have 
now  to  learn  that  those  rays  of  heat  emitted  by  the  lamp, 
have  obeyed  precisely  the  same  laws  us  the  rnys  of  light. 
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Here  ie  a  piece  of  black  glass,  so  black  that  when  you  look 
through  it  at  the  electric  light,  or  even  at  the  noonday 
sun,  you  see  nothing,  Vou  observe  the  disappearance  of  the 
beam,  when  the  glass  is  placed  in  front  of  the  lamp.  It  cuts 
off  every  ray  of  light;  but,  strange  as  it  may  appear  to 
you,  it  is,  to  some  extent,  transparent  to  the  obscure  rays 
of  the  lamp.  I  extinguish  the  light  by  interrupting  the 
current,  and  lay  my  thermo-electric  pile  on  the  table 
at  the  number  20,  where  the  luminous  beam  fell  a  moment 
ago.  The  pile  is  connected  with  the  gaJvanometer,  and 
the  needle  of  the  instrument  is  now  at  zero.  On  igniting 
the  lamp,  no  light  makes  its  appearance,  but  the  needle 
of  the  giUvanonieter  has  already  swung  to  90°,  through 
the  action  of  the  uon-litminouB  rays  upon  the  pile.  ^1ien 
the  pile  is  moved  right  or  left  from  its  present  position, 
the  needle  immediately  sinks ;  the  calorific  rays  have 
pursued  the  precise  track  of  the  luminous  rays;  and  for 
them,  also,  the  angle  of  incidence  is  equal  to  the  angle 
of  reflection.  Repeating  the  experiments  already  executed 
with  light, — bringing  the  index  in  succession  to  1,  2,  3, 
5,  &c,  it  may  be  proved  that,  in  the  case  of  radiant  beat 
also,  the  angular  velocity  of  the  retlected  beam  is  twice 
that  of  the  mirror. 

(324)  The  heat  of  a  fire  obeys  the  same  law.  This 
sheet  of  tin  is  a  homely  reflector,  but  it  will  answer  ray 
purpose.  At  this  end  of  the  table  is  placed  the  tliermo- 
electric  pile,  and  at  the  other  end  the  tin  reflector.  The 
npedle  of  the  galvanometer  is  now  at  zero.  I  turn  the 
reflector,  so  as  to  cause  the  beat  striking  it  to  rebound 
towards  the  pile:  it  now  meet*  the  instrument,  and  the 
needle  at  once  declares  its  arrival.  Observe  the  positions 
of  the  fire,  of  the  reflector,  and  of  the  pile;  you  see  that 
they  are  such  as  make  the  angle  of  incidence  equal  lo  that 
of  reflection. 

(32o)  lint   in  these  experiments  the   heat   is,   or  hiis 
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been,  associated  with  Hglit.  Let  rae  now  show,  that  thf 
law  holds  good  for  rays  emanating  from  a  truly  obscure 
body.     Here  is  ii  copper   ball,    heated   to   dull   redness. 


Plunging  it  into  water  for  a  nument,  its  light  totally  dis- 
appears, but  it  is  still  wami.  It  is  still  giving  out  radiant 
heat  I  set  it  on  a  candlestick  c  (fig,  74),  as  a  support, 
and  now  I  place  my  pile,  p,  turning  its  conical  reflector 
away  front  C,  so  that  no  direct  ray  from  the  ball  in  po- 
sition can  reach  the  pile.  The  needle  remains  at  zero. 
I  now  introduce  the  tin  reflector,  M  N,  so  that  a  line  drawn 
to  it  from  the  ball  shall  make  the  same  angle  with 
a  perpendicular  to  the  reflector,  as  a  line  drawn  from 
the  pile.  The  aais  of  the  conical  reflector  lies  in  this 
latter  line.  True  to  the  law,  the  heat-raya  emanating 
from  the  ball  rebound  from  it,  and  strike  the  pile,  and 
you  observe  the  consequent  prompt  motion  of  the  needle. 
(326)  Like  the  rays  of  light,  the  rays  of  heat  emanating 
from  our  ball  proceed  in  straight  lines  through  space,  dimi- 
nishing in  intensity,  exactly  as  light  diminishes.  Ilius, 
this  ball,  which  when  close  to  the  pile  causes  the  needle  of 
the  galvanometer  to  fly  up  to  90°,  at  a  distance  of  4  fee)^ 
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6  inches  sIiowb  scarcely  a  sensible  action.  Its  rays  are 
squandered  on  all  sides,  and  comparatively  few  of  them 
reacli  tlie  pile.    But  I  now  introduce  between  the  pile  and 

the  bjill  this  tin  tnlie.  a  n  (fig.  75),  four  feet  \an}r.     It  is 


I 


polished  within,  and  therefore  capable  of  reflection.  The 
calorific  rays  strike  the  interior  surface  obliquely,  are  re- 
flected frooi  Hide  to  side  of  the  tube,  and  thus  enabled  to 
reach  the  pile.  You  see  the  result:  the  needle,  which  a 
moment  ago  showed  no  sensible  action,  moves  promptly  to 
its  stops, 

(327)  We. have  now  dwelt  sufficiently  long  on  the  re- 
flection of  niiliaiit  heat  by  plam  snvfucfa;  let  us  turn  fur 


t 


1  moment  in  reflection  from  ciirved  surfaces.     This  con- 
cave  mirror,  si  N  (fig.  76).  is  formed  of  copper,   but  is 
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coated  with  silver.  The  warm  copper  ball,  B,  is  placed 
at  a  diatauce  of  eigliteen  inches  from  tlie  pile,  whose 
conical  reflector  is  now  removed  ;  you  observe  sfarcel_y  any 
motion  of  the  needle.  If  the  reflector,  M  n,  were  placed 
properly  benind  a  candle,  it*  rays  would  be  collected,  and 
sent  back  in  a  cylinder  of  light.  The  mirror  thus  collects 
and  reflects  the  calorific  rays  emitted  by  the  ball  b;  you 
cannot,  of  course,  see  the  track  of  these  obsciire  rayn,  as 
you  can  that  of  the  luminous  ones;  but  the  galvanometer 
reveals  the  action,  the  needle  of  the  instrument  going 
promptly  up  to  90°. 

(328)  A  pair  of  much  larger  mirrors  is  now  before 
you,  one  of  tliem  being  placed  flat  upon  the  table.  The 
curvature  of  this  mirror  is  so  regulated,  that  if  a 
light  be  placed  at  its  focus,  the  rays  which  fall  divergent 
upon  the  curved  surface  are  reflected  upward  from  it 
parallel.  Let  us  make  the  experiment:  In  the  focus  I 
place  our  electric  coai-points,  bring  them  into  contact,  and 
then  draw  them  a  little  apart;  the  electric  light  flashes 
against  the  mirror,  a  splenilid  vertical  cylinder,  marked  by 
tbe  shining  dust  of  the  room,  being  cast  upwards  by  the 
reflector.  If  we  reversed  the  experiment,  and  allowed  a 
parallel  beam  to  fall  upon  tbe  mirror,  the  rays  of  that  beam, 
after  reflection,  would  be  collected  in  the  focus.  We  can 
actually  make  this  experiment  by  introducing  a  second 
mirror,  which  indeed  is  already  here  suspended  from  the 
ceiling.  Drawing  it  up  to  a  height  of  20  or  25  feet,  the 
vertical  beam,  which  previously  fell  upon  the  ceiling,  is 
now  received  by  the  reflector  above.  In  the  focus  of 
the  upper  mirror  is  hung  a  bit  of  oiled  paper,  to  enable 
you  to  see  the  collection  of  the  rays  at  the  focus.  Vou 
observe  how  intensely  that  piece  of  paper  is  now  illumi- 
nated, not  by  the  direct  light  from  below,  but  by  the 
reflected  light  converged  upon  it  by  the  mirror  above. 

(329)  Some  of  you  have  probably  witnessed  the  extra-   . 
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ordinary  action  of  light 
upon  a  mixture  of  hy- 
drogen and  chlorine, 
and  I  will  now  exhibit 
Uiis  action  in  a  navel 
way.  This  transparent 
collodion  Lallouu  is 
filled  with  the  mixed 
gases ;  I  lower  the 
upper  reflector,  and 
suspend  the  balloon 
from  a  hook  attached 
to  it,  so  that  ihe  little 
globe  shall  swing  in  the 
focus,  We  will  now 
draw  the  mirror  quite 
up  to  the  ceiling  (tig. 
77).  Placing,  as  be- 
fore, the  coal-points  in 
the  focua  of  the  lower 
mirror,  the  moment 
they  are  drawn  apart, 
the  gases  explode.  And 
remember,  this  is  the 
action  of  the  Uyht: 
you  know  that  collo- 
dion is  an  inflammable 
suhstance,  and  hence 
might  suppose  it  to  be 
the  heat  of  the  coal- 
poiDtt<  which  ignites 
it,  communicating  its 
combustion  to  tht' 
gascB.  But  you  see  the 
flakes  of  the   balloon 
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descending  on  the  table,  proving  that  the  luminous  ra^f  | 
went  harmlessly  through  it,  causeil  the  gases  to  explod*,  L 
the  hydrochloric  aciii,  formed  by  Iheir  combUBtion,  havii^'l 
actually  preserved  the  inflammable  envelope. 

(330)  I  again  lower  the  mirror,  and  hang  in  its  foeunal 
second  balloon,  containing  a  mixture  of  oxygen  and  hy!f  1 
drogen,  on  which  light  has  no  sensible  effect;  I  raise  tbflf J 
mirror,  and  in  the  focus  nf  the  lower  one  place  this  red^-' 
hot  copper  ball.  The  calorific  rays  are  now  reflected  and 
converged,  as  the  luminous  ones  were  reflected  and  con- 
verged in  the  hiat  experiment ;  but  they  act  upon  the 
envelope,  which  has  been  purposely  blackened  to  enable  it 
to  intercept  the  heat  rays ;  the  action  is  not  so  sudden  Jis 
in  the  last  case,  but  tlie're  is  the  sxplraion,  and  you  now  see 
no  trace  of  the  balloon;  the  inflammable  substance  is 
entirely  dissipated. 

(331)  Let  us  lower  the  upper  mirror  once  more,  and 
suspend  in  its  focus  a  flask  of  hot  water.     The  thermo- 
electric pile  is  now  placed  at  the  focus  of  the  lower  mirror ; 
its  face  being  turned  upwards,  and  exposed  to  the  direct, 
radiation  of  the   wann  fiaak,  there  is  no  sensible  actional 
produced  by  the  direct  rays.    But  when  the  face  of  the  pilB^| 
is  turned  downwards,  if  light  and  heat  behave  alike,  the    '" 
rays  from  the  flask  which  strike  the  reflector  will  be  col- 
lected at  its  focus.     You  see  that  this  is  the  case;  the 
needle,  which  was  not  sensibly  affected  by  the  direct  rays,    rw 
goes  up  to  its  stops.    The  direction  of  that  deflection  is  to-i^H 
lie  noted ;  the  red  end  of  the  needle  moves  towards  you.     ^^ 

{33a)  In  the  place  of  the  flask  of  hot  water,  I  now  sus- 
pend a  second  one  containing  a  freezing  mixture.  Placing, 
us  in  the  former  case,  the  pile  in  the  focus  of  the  lower 
mirror ;  when  turned  directly  towards  the  upper  flusk, 
there  is  no  action.  Turned  downwards,  the  needle  moves : 
oViserve  the  direction  of  the  motion— the  red  end  comes 
liAvarda  nu-. 
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(333)  Does  it  not  appear  as  if  this  body  in  the  upper 
focus  were  now  emitting  rays  of  cold,  which  are  converged 
by  the  lower  mirror,  like  the  rays  of  heat  in  our  former 
experiment?  The  facts  are  exactly  complementary,  and  it 
would  seem  that  we  have  precisely  the  same  right  to  infer 
from  the  experiments  the  existence  and  convergence  of 
cold  rays,  as  we  have  to  infer  the  existence  and  conver- 
gence of  heat  rays.  Many  of  you,  no  doubt,  have  already 
perceived  the  real  state  of  the  case.  The  pile  is  a  warm 
body,  but  in  the  last  experiment,  the  heat  which  it  lost  by 
radiation  was  more  than  made  good  by  that  received  from 
the  hot  tlask  above.  Now  the  case  is  reversed ;  the  quantity 
which  the  pile  radiates  is  in  excess  of  the  quantity  which 
it  receives,  and  hence  the  pile  is  chilled ; — the  exchanges 
are  against  it,  its  loss  of  heat  is  only  partially  compen- 
sated— and  the  deflection  due  to  cold  is  the  necessary 
consequence. 
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APPENDIX   TO    CHAPTER    VIII. 


In  the  first  volume  of  NichoiHon'a  Joiu-nal,  publialied  in  1802, 
the  sounds  produced  by  the  combustifni  of  hydrogen  in  lubes  are 
referred  to  as  having  been  '  made  in  Itnly  ; '  Dr.  Higgios,  in  the 
Bame  place,  shoirs  that  he  lind  discovered  them  in  the  year  1777, 
while  observing  tlie  water  formed  in  n  glass  vessel,  by  the  slow 
combustion  of  a  slender  stream  of  hydn^en.  Chladni,  in  his 
'  Akustik,'  published  in  1802,  p»ge  74,  speaks  of  their  being 
mentioned,  and  incorrectly  eiplained,  by  De  Luc  in  bis  '  New 
Ideas  on  Meteorology  :'  I  do  not  know  tlie  date  of  llie  volume. 
ChladDi  himself  showed  that  the  tones  produced  were  the  same 
as  those  of  an  open  pipe,  of  the  same  lenglh  as  the  tube  whigh 
I'ticompassed  ihe  flame.  lie  also  succeeded  in  obtaining  a  tone 
and  its  octave  from  the  same  tube,  and  in  one  cose  obtained  the 
fifth  of  the  octave.  In  a  paper  publislied  in  the  '  Journal  de 
Physique '  in  1(<02,  G,  De  k  Rive  endejivouved  lo  account  for 
the  sounds  by  refeiriog  them  to  the  alternate  contraction  and  ex- 
paninon  of  ai|ueouB  vupour ;  basing  his  opinion  upon  a  series  of 
eKperimentH  of  great  beauty  and  ingenuity,  made  with  the  bulb« 
of  thermometern.  In  18IH  Mr.  Faraday  took  up  the  8uhject,f  and 
showed  that  the  tones  were  produced  when  the  glass  tube  was 
enveloped  by  an  atmosphere  higher  in  temperature  than  212° 
Fahr.  That  they  were  not  due  to  aqueous  thiwuv  was  fkrthei' 
shown  by  the  fact  that  they  could  be  produced  by  the  combuBtion 

*  From  tlie  Philowiphiul  MagHKiao  for  Julj  lSfi7-    By  John  Tvadal], 
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Bef  carbonic  oxide.  He  rererred  llic  Bounds  to  BUt'ceHHive  eitplo- 
Inona,  produced  by  the  periodic  cotiibi nation  of  the  atniospheriu 
E  oxygen  with  the  issuing  jet  of  hydrogen  gas. 

)t  Bware  thut  the  dependence  of  the  pitch  of  the  note 
B  of  the  flame  has  yet  beeu  noticed.     To  this  poiut  [ 
Y  frill,  in  the  firat  place,  briefly  direct  attention. 

A  tube  25  inches  long  was  placed  over  an  ignited  jet  uf 
I'  llydrogcn  :  the  Bound  produced  wilb  the  luudaincntiil  note  of  the 
V.tnbe. 

A  tube  12^  inches  long  waa  brought  over  the  same  flame,  but 
no  sound  was  obtained. 

The  flame  was  lowered,  in  order  to  make  it  aa  small  aa  poesible, 
and  the  tube  last  mentioned  was  again  brought  over  it  s  it  gave 
a  clear  melodious  note,  the  octuve  of  tliat  obtained  with  the 
25-inch  tube. 

The  25-incb  tube  was  now  brought  over  ihe  same  flame;  it 
no  longer  gave  its  fundameniul  note,  but  exactly  the  same  as  that 
obtained  from  tlie  tube  of  half  ite  length. 

Thus  we  see,  that  although  the  ape<?d  with  whidi  the  explo- 

■ions  succeed  each  other  depends  upon  the  length  of  the  lube, 

the  flame  has  also  a  voice  in  the  matter :   tliat  tu  produce  a 

I    musical  sound,  its  size  must  lie  such  as  to  enable  it  lo  explode  in 

I  vnison,  either  with  the  fundamentul  pulses  of  the  tube,  or  with 

the  pulses  of  its  harmonic  divisions. 

With  a  lube  6  feet  9  inctii^  long,  by  varying  the  size  of  the 
flame,  and  adjusting  the  depth  to  which  it  reached  within  the 
I  tube,  I  have  obtained  a  series  of  notes  in  the  ratio  of  the  num- 
bera  1,  2,  3,  4,  b. 

'hese  experiments  explain  the  capricious  nature  of  the  soiinda 
■B  obtained  by  lecturers  upon  this  subject.  It  is,  how- 
ever, always  possible  to  render  the  sounds  clear  and  sweet,  by 
suitably  adjusting  the  size  of  the  flame  to  the  length  of  the 
tube.* 

Sinue  the  experiments  of  Mr.  Faraday,  noiliing,  tliat  I  am 
Kware  of,  has  been  added  to  this  subject,  imtil  ({iiite  recently. 
In  a  recent  number  of  Poggendorff's  '  Anuiden,'  an  interesting 


■  With  a  tube  I4j  inclira  ia  leagth  and  an  ndeedlngly  oi 
I  obuined,  wilbunt  alttring  the  quantity  of  gai.  u  polo  nnd 
flainv  pusHrFsed  the  power  a(  clvtiipag  its  ovra  dimoaaigas  to 


3S6 


HEAT    AS   A    MODK    OF   MOTION. 


experiment  ia  described  liy  M.  von  Sehaffirot.sch,  and  made  the 
subject  of  Bfime  remarks  by  Prof.  Poggeudorff  himself.  A  musical 
ante  wus  obtained  with  a  jet  of  ordinnry  coal-gas,  and  it  was 
Ibirad  that  when  the  voice  was  pitched  to  the  same  note,  the 
flume  assumed  a  lively  motion,  which  could  be  augmented  nntil 
the  flame  was  actually  extinguished.  M-  von  Schaffgotsch  does 
not  describe  the  conditions  necessary  to  the  success  of  his  experi- 
ment; and  it  was  while  endeavouring  to  find  out  these  conditions 
that  I  alighted  upon  the  facW  which  form  the  principal  subject 
of  this  brief  notice.  I  may  remark,  that  M.  von  Schafigotnch's 
result  may  be  produced,  with  certainty,  if  the  gas  be  caused  to 
issue,  under  sufficient  pressure,  through  a.  very  small  orifice. 

In  the  first  experiments  I  made  use  of  a  tapering  brass  burner, 
10^  inches  loDg,  having  a  superior  orifice  about  ^'^th  of  an  inch 
in  diameter.  The  sliaking  of  the  singing  flame  within  the  glass 
tube,  when  the  voice  was  properly  pitched,  was  so  manifest  as  to 
be  seen  by  several  hundred  people  at  once. 

I  placed  a  syren  within  a  few  feet  of  the  singing  flame,  and 
gradually  heightened  the  note  produced  by  the  instrument.  As 
the  sounds  of  the  flame  and  syren  approached  perfect  tuiison, 
tlie  flame  shook,  jumping  up  and  down  within  the  tube.  The 
interval  between  the  jumps  became  greater,  imtil  the  unison  was 
perfect,  when  tho  motion  ceased  fur  au  instant ;  the  syren  still 
increasing  in  pitch,  the  motion  nf  the  flame  again  appeared,  the 
jumping  became  quicker  and  quicker,  until  finally  it  ceased  to  be 
diBcemible. 

This  experiment  showed  that  the  jumping  of  the  flume,  oli- 
served  by  H.  von  SchafFgotsch,  is  the  optical  expression  of  the 
beau  which  occur  at  each  aide  of  the  perfect  tmison  :  the  beats 
could  be  heard  in  exact  accordance  with  the  shortening  and 
lengthening  of  the  flame.  Beyond  the  region  of  these  beats,  in 
both  directiona,  the  sound  of  the  syren  produced  no  visible 
motion  of  the  flame.     What  is  true  of  the  syren  is  true  of  the 

While  repealing  and  varying  these  experiments,  I  once  had  a 
silent  flame  within  a  tube,  and  on  pitching  my  voice  to  the  note 
of  the  tube,  the  flame,  to  my  great  surprise,  instantly  started  into 
song.  Placing  the  finger  on  the  end  of  tlie  tube,  and  silencing 
the  melody,  on  repeating  the  experiment  tho  satnv  result  was 
obtained. 
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I  placed  the  «vren  near  the  Uame,  as  before,  Tlie  liitlcr  was 
hiimiiig  tranqiiilJy  wiUiin  its  tube.  Ascending  gradually  from 
lilt!  lowest  notes  of  the  iafitrument,  at  the  moment  when  the 
Brtund  of  tlie  syren  readied  the  pitch  of  the  tube  which  sur- 
roonded  the  gas  flame,  the  liitlcr  auddenly  stretched  it!«elf  and 
iviintuenced  its  Hong,  whidi  continued  indefmit«ly  ixftei  x\ie  syren 
hud  eeaseii  to  sound. 

With  the  burner  which  I  have  described,  and  a  glusa  tube  12 
inches  long,  and  from  ^  To  j|  of  an  inch  in  internal  diameter,  this 
reeult  can  be  obtained  with  ease  and  certainly.  If  the  voice  be 
thrown  a  liitle  higher  or  lower  than  the  note  due  to  the  tube,  no 
visible  efiect  is  produceil  upon  the  flame  :  the  pitch  of  the  voicii 
munt  lie  within  the  re^on  of  the  audible  benis. 

FBy  varying  the  length  of  the  tube,  we  vary  tlie  note  produced, 
■od  the  voice  mu;>t  be  modified  accordingly. 

That  the  ahaking  of  the  flame,  to  which  I  have  already  referrtHl, 
proceedn  in  exact  accordance  with  the  beats,  ia  beautifrilly  sitown 
by  a  tuning-fork  which  gives  the  same  note  as  the  Ilaine.  I.oad~ 
ing  the  fork,  so  aa  to  throw  it  slightly  out  of  unison  with  the 
flame,  when  the  former  is  sounded  and  brought  near  the  flame, 
the  jumpings  are  seen  at  exactly  the  same  inlorvala  as  those  in 
which  Uie  bents  are  heard.  When  the  tuning-furk  is  brought 
over  a  resonant  jar  or  bottle,  the  beata  may  be  heard  and  the 
jumpings  seen,  by  a  thousand  people  at  once.  By  changing  the 
load  upon  the  tuning-fork,  or  by  slightly  altering  iJie  size  of  the 
flame,  the  qnickneas  with  which  the  benta  succeed  each  other 
m  nay  be  ohangcd,  but  in  nil  cases,  the  jumpings  addresa  the  eye  at 
E  -the  same  moment  that  the  beats  address  the  ear. 

With  the  tuning-fork  I  have  obtained  the  eame  results,  aa  with 
the  voice  and  syren.  Holding  a  fork  over  a  tube  which  responds 
t<i  it,  and  which  contaiiia  within  it  a  silent  flame  of  gas,  tlje  latter 
imntmliately  stails  into  song.  I  have  obtained  Uiis  rcKult  with  a 
series  of  tubes  varying  from  lOj  to  2D  inches  in  length.  The 
following  experiment  could  be  made  : — A  series  of  tubes,  capable 
of  producing  the  notice  of  the  gamut,  might  be  placed  over  suitable 
of  gas;  all  being  ulent,  let  the  gamut  be  run  over  by  a 
rician,  with  an  inatrument  sufiicictitly  powerful,  placed  at  a 
atico  of  twenty  or  thirty  yards.  At  the  sound  of  each  par- 
^ticulaT  note,  the  ga«-jei  contained  in  the  corrospondlttg  tube  would 
instantly  start  into  Boiig. 
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1  muBt  remnrk,  Lowever,  that,  with  tlie  jet  whicli  I  liave  used, 
tLe  experimeat  is  uiostenaily  made  with  a  tube  about  II  or  12  inches 
long  :  with  longer  tubes,  it  is  more  difficult  to  prevent  the  flmne 
from  aiuging  spontaneoualy,  that  is,  without  external  excitation. 

The  principal  point  lo  be  attended  to  is  this.  With  a  lulje. 
say  of  12  inches  in  length,  the  ilume  requires  to  occupy  a  certain 
position  in  the  tube,  in  order  that  it  shall  sing  witli  a  ma^^imum 
intensity.  Let  the  tube  be  raised,  so  that  the  flame  may  penetrate 
it  Co  a  leB3  extent;  the  energy  of  the  sound  will  be  tliereby  dtmi- 
nished,  and  a  point  (a)  will  at  length  be  attained,  where  it  will 
cease  altogether.  Above  this  point  for  a  certain  diatance,  the 
flame  may  be  caused  to  burn  tranquilly  and  silently  for  any 
length  of  time,  but  when  excited  by  the  voice  it  will  sing. 

When  the  flame  is  too  near  the  point  (a),  on  being  excited  by 
the  voice  or  by  a  tuning-fork,  tt  will  respond  for  a  short  Itme, 
and  then  cease.  A  little  above  the  point  where  this  cessation 
occurs,  the  flome  burns  tranqtiilly,  if  unexcited ;  but  if  once 
caused  to  suig,  it  will  eoniiuue  to  do  so.  With  aucb  a  flame,  which 
is  not  too  senaitive  to  external  impressions,  I  have  buen  able  to 
reverse  lite  tfect  hitherto  ilescribtd,  and  to  stop  the  anng  at  pleasure 
by  the  sound  of  my  voice,  or  by  a  tuning-fork,  without  quench- 
ing the  flame  itself.  Such  a  flame,  I  find,  may  be  made  to  obey 
the  word  of  command,  and  to  sing  or  cease  to  sing,  as  the  expe- 
rimenter pleases.  i 

The  mere  clapping  of  the  hands,  producing  an  explosion, 
shouting  at  an-  incorrect,  pitch,  shaking  of  the  lube  surrounding 
the  flame,  are.  when  the  arrangements  are  properly  made,  ineffec- 
tual. Each  of  tliese  modes  of  disturbance  doubtless  affects  the 
flame,  but  the  impulses  do  not  accumulate,  as  in  the  case  where 
the  note  of  the  tube  itKclf  is  struck.  It  appears  as  if  the  flame 
were  deaf  tn  a  single  impulse,  as  the  tympanum  would  pro- 
bably be,  and,  Hke  tlie  latter,  needs  the  accumulation  of  im- 
pulses to  give  it  sufficient  motion,  A  difFei'ence  of  half  a  tone, 
between  two  tuning  forks,  is  sufficient  to  cause  one  of  these  to 
set  the  flame  singing,  while  the  other  is  powerless  to  produce 
this  effect. 

I  have  said  that  the  voice  must  be  pitched  lo  the  note  of  tlie 
tube  which  Burrouncla  tl)e  flame ;  it  would  be  more  correct  to 
say,  the  note  prtiduced  !>y  tlie  flame  when  siuging.  In  all  ciiscs, 
this  note  is  sensibly  higher  than  ibiit  due  to  the  open  tube  which 
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surroutidB  the  flame ;  this  ought  to  he  the  case,  becaiiae  of  the 
high  temperature  of  the  vibrating  column.  An  open  tube,  for 
example,  which,  when  a  tuning-fork  ia  held  over  its  end,  gives  a 
maximum  reintbrcement,  [iroduces,  when  surrounding  a  singing 
flume,  8  DOte  higho-  thnn  thnt  of  the  fork.  To  obtain  the  latter 
noti;,  the  tu))e  must  be  seiiHiblj  longer. 

What  is  the  uonxtitution  of  the  flame  of  gas,  while  it  jiroduceH 
these  musical  sounds?  This  is  the  next  questioo  to  which  I  will 
briefly  aill  atteution.  Looked  at  with  the  naked  eye,  the  sound- 
ing flame  appears  constant ;  but  ia  the  constancy  real  7  Supposing 
each  pulse  to  be  accompanied  by  a  physical  change  of  the  llame, 
such  a  change  would  not  be  perceptible  to  the  naked  eye,  on 
account  of  the  velocity  with  which  the  pulses  succeed  each  other. 
The  light  of  the  flame  would  appejir  continuous,  on  the  same 
jirinciple  that  the  troubled  portion  of  a  descending  liquid  jet 
appears  continuoUH,  although,  by  proper  means,  this  portion  of  a 
jet  can  be  shown  to  be  composed  of  isolated  drops.  If  we  cause 
the  image  of  the  flame  to  pass,  speedily  over  diflerent  portions  of 
the  retina,  the  changes  accompanying  the  perioilic  impulses  will 
manifest  themselves,  in  the  character  of  the  image  thus  traced. 

I  look  a  glass  tube,  3  feet  '2  inches  long,  and  about  an  inch 
and  a  lialf  iu  internal  diameter,  and  placing  it  over  a  very  small 
fUme  of  olefiant  gas  {common  gas  will  also  answer),  obtained  the 
fundamental  note  of  the  tube :  on  moving  the  head  to  rind  fro, 
the  image  of  the  sounding  flnme  was  separated  into  a  series  of 
distinct  images;  the  distance  between  the  images  depended  upon 
-the  velocity  with  which  the  head  was  moved.  This  experiment 
'is  euitd  to  a  darkened  lecture-room.  It  was  still  easier  to  obtain 
the  sejiaration  of  the  images  in  this  way,  when  a  tube  G  feet 
9  inches  in  length,  imd  a  larger  flame,  were  made  use  of. 

The  Hiuie  result  is  obtained,  when  an  opera  glass  is  moved  to 
and  fro  before  the  eye. 

But  the  most  convenient  mode  of  observing  the  flame  ia  with  a 
mirror  ;  and  it  can  be  seen  either  directly  in  the  mirror,  or  by 
projection  upon  a  screen, 

A  lens  of  SS  centimetres  focus  was  placed  in  front  of  a  flame 

if  common  gas,  upwards  of  an  inch  long,  ami  a  paper  screen  was 

f  hung  at  about  6  or  8  feet  distance  behind  the  tlumc.     In  front  of 

the  lenn,  a  small  looking-glass  was  held,  which  rec^ved  the  light 

It  had  pasaed  through  the  lens,  and  reflected  it  back  upon  the 
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screen  placed  beliind  the  latter.  By  adjuating  tbe  position  of 
the  lens,  a  well-tlelined  Inrerted  image  of  the  flame  was  obwuned 
upon  the  screen.  On  laoving  the  mirror,  the  imiige  wns  dieplsced, 
and  owing  to  the  retention  of  the  iiupreesion  bj  the  retimt,  when 
the  movement  was  Hufficieutly  speedy,  the  image  described  a 
continuous  luminous  track.  Holding  the  mirror  motionless,  the 
C-foot  9-inch  tube  was  placed  over  the  flame  :  the  latter  changed 
its  shape,  the  moment  it  commenced  Houading,  remainiug.  how- 
ever, well  deflned  upon  the  screen.  On  now  moving  tlie  mirror, 
a  totully  ditTerent  eflect  was  produced  :  instead  of  a  continuous 
track  of  light,  a  series  of  dtatinct  images  of  the  sounding  tfame 
was  observed.  The  distance  of  these  images  apart  varied  witli 
the  motion  of  the  mirror ;  and,  of  course,  could  be  made,  by 
suitably  turning  the  refleclor,  to  form  a  ring  of  images.  The 
experiment  is  beautiful,  and  in  a  dark  room  may  be  made  viailJe 
to  a  large  audience. 

The  experiment  ivaa  aliw  varied  in  the  following  manner  : — 
A  triangular  prism  of  wood  had  ila  sides  coated  wiih  rectangular 
pieces  of  looking-glass :  it  was  suspended  by  a  thread,  with  its 
axis  vertical ;  lorsion  was  imparted  to  the  thread,  and  the  prism, 
acted  upon  by  this  torsion,  caused  to  rotate.  It  was  so  placed, 
that  its  three  faces  received  in  succession  the  beam  of  light,  sent 
from  (he  flame  through  the  lens  in  front  of  it,  and  threw  the 
images  upon  the  screen.     On  commencing  its  motion,  the  images 


as  the 
a  past,  the  images 
a  kind  of  k 


a  opposite  direc- 


but  slightly  separated,  but  became 
motion  approached  its  ma;cimum.     This  o 
drew  closer  together  again,  until  they  ended 
ripple.     Allowing  the  acquired  torsion  to  rei 
efibcts  could  be  produced,  the  motion  being 
tion.     In  these  ejcpeiiments,  that  half  of  the  tube  which 
turned  towards  the  screen  was  coated  with  lamp-black,  so  i 
cut  off'  the  direct  light  of  the  jet  li-om  the  screen.* 


B  Iheao  Biperim?nt8  were  msdc,  Mr,  Wlieatstooo  biu  dmtrn  my 
lo  the  following  puisage,  vhich  proves  llial  bo  had  nbvadf 
mode  me  of  the  roljitiiig  mirror  in  eianiiuing  a  singing  flami- ;  '  A  flmno 
of  bjdrogen  gna  bumiDg  is  tlin  open  air  pri'sonts  a  coDtiunous  circle  in  the 
mhroT;  hut  while  prndncinga  sound  wtlhin  a  glass  tube,  r^gularintenuisiiiDitB 
of  inlnuity  are  observed,  wbicb  present  a  clmin-like  appearance,  and  indi- 
cate alternate  oiutnidlioDS  and  dilatations  of  the  Hume  rorTeipaiidinjt  wilh 
tbe  soDoroua  vibrations  of  the  culuoui  of  air.'     (Phil.  TnUB.  IH34,  p.  tiSS.l 
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But  what  in  the  state  of  the  ila 
images  ?  The  Sutna  of  commoi 
brightness  'o  the  solid  particles 
If  we  blow  against  a  luminous 
small  exploaitin  in  fact,  and  by 
caused  lo  di»app«n'.  During  a 
jets  in  the  aha] 
blue.     la  liktj  n 


in  the  interval  between  two 
IS,  or  oldiiiDt  gtiK,  awes  its 
carbon  discharged  into  it. 
Ilame,  a  sound  is  heard,  a 
b  a  puff  the  light  may  be 
ady  niglit,  tho  exposed  gaa- 
are  often  deprived  of  tlieir  light,  and  bum 
iner,  the  comtnon  blowpipe  jet  dt-privea  burn- 
ing conl-gBs  of  its  brilliant  light.  I  hence  conchided,  that  the 
explosions,  the  repetition  of  which  produces  the  musical  sound, 
rendered,  at  the  moment  they  occurred,  tho  combustion  so 
perfect  as  to  extinguish  the  solid  oirhon  jiarticles  ;  but  I 
iniagined  that  the  images  on  the  screen  would,  on  closer  ex- 
amination, he  found  united  by  spaces  of  blue,  which,  owing  to 
their  dimness,  were  not  seen  by  tlie  method  of  projection.  This 
in  many  instances  was  found  to  be  the  cose. 

1  was  not,  however,  prepared  for  tlie  following  result : — A 
flame  of  oleHant  gus,  rendered  almost  as  small  a»  it  could  be,  was 
procured.  The  3-foot  3-inch  tube  was  placed  over  it;  the  llauie, 
oQ  singing,  became  elongated,  and  lost  some  of  its  light,  siill  it 
was  bright  at  its  top  ;  looked  at  in  the  moving  mirror,  a  beaded 
line  of  great  beauty  was  observed  ;  in  front  of  each  bead  was  n 
little  luminous  star,  after  it,  and  continuous  willi  it,  a  sjwt  of 
rich  blue  light,  which  lermiualed,  and  left,  as  Ihr  us  1  could 
judge,  B  perfectly  dark  space,  between  it  and  the  next  following 
luminous  star.  J  shall  examine  tliis  fanhti'  vrhen  time  permits 
me,  but  as  &r  as  I  can  at  present  judge,  the  Hame  was  actually 
extinguished  and  relighted,  in  accordance  with  the  sonorous 
pltlaations. 

When  a  silent  flame,  capable,  however,  of  being  excited  by  the 

voice  in  the  muuner  already  described,  is  placed  within  a  tube, 

and  the  continuous  line  of  light  produced  by  it  in  the  movinf; 

8  observed,  I  know  no  experiment  more  pretty  than  the 

I  Ksolution  of  this  line  into  a  string  of  richly  luminous  pearls,  nt 

2  voice  is  pitched  to  the  proper  note.     This  may  be 

lidorable  dislance  from  the  jet,  and  with  the  back 

(turned  towards  it. 

The  change  produced  in  the  line  of  beads,  when  a  tuning-fork, 
Mpable  of  giving  beats  witli  the  flame,  is  brought  over  the  tube, 
ictremely  interesting  to 
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observe.  I  will  not  at  prtsent  enter  into  a  mnre  niintite  descrip- 
tion of  these  results.  Siiffioient,  I  trust,  has  been  anid,  to  induce 
experimenlere  to  reprwluce  the  effects  for  themselves ;  the  sight  rf 
them  will  give  more  pleasure  thuu  any  description  of  n: 
possiblj  do. 


TRANSLATIOS  OF  A  P.iPEB  ON  ACOUSTIC  EXPERIMENTS. 

A  glass  tube  npen  at  both  ends,  when  simply  blown  upon  by' 
the  mouth,  gives  its  fundumentsl  tone,  i.  e.  the  deepest  tone 
belonging  to  it,  as  an  open  organ-pipe,  feebly  but  distinctly.  On 
placing  the  open  hand  upon  one  (if  the  openings,  and  rapidly 
withdrawing  it,  tlie  tube  yields  two  notes,  one  after  the  other  ; 
first  the  fundamental  note  of  the  closed  pipe,  and  tien  the  note 
of  the  open  pipe,  already  mentioned,  which  is  ran  octave  higher. 
By  the  application  of  heat,  these  fundamentiLl  tones,  of  which  only 
the  higher  one  will  be  taken  into  consideration  hero,  are  raised, 
us  is  well  known ;  thin  io  observed  immediately  on  blowing  upon 
a  tube  heated  e.^ternally,  or  by  a  gas-flame  burning  in  its  interior. 
For  example,  a  tul>e  242  millims.  in  length,  and  20  millima.  in 
diameter,  heated  throughout  its  whole  length,  when  blown  upon 
even  before  it  reaches  a  red  heat,  gives  a  tone  raised  a  major 
third,  namely,  the  second  G  uharp  in  the  treble  clef,  instead  of 
the  corresponding  E.  If  a  gas-flame  14  millims.  in  length,  and 
1  millim.  in  breadth  at  the  bottom,  is  burning  in  the  tube,  the 
tone  rises  to  the  second  treble  F  sharp.  The  same  gas-flame 
raises  the  tone  of  a  lube  273  millims.  in  length,  and  21  millims. 
in  width,  from  the  second  treble  D  to  the  eorreapoiidinj  E. 
These  two  tubes,  which  for  Virevity  will  hereafter  be  refeired 
to  as  the  E  tube  and  the  D  tube,  served  for  nil  the  following 
experiments,  the  ohject  nf  which  was  to  show  a  well-knoivn  and 
by  no  means  surprising  fact,  in  a  striking  manner,  namely,  tlml 
the  column  of  air  in  a  tube  is  set  in  vibration  when  its  funda- 
mental tone,  or  one  neariy  allied — for  example,  an  octave — is 
soimdeil  outside  the  tube.  The  esistence  of  the  aerial  vibratiniia 
was  rendered  perceptible  by  a  column  of  smoke,  a  current  of  gaB, 
and  a  gas  flame. 

•  ily  Coirnt  Schai%otEfli :  Phil.  Sing.,  Dpcenibcr  1837. 
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1.  A  glimnieiing  sinokj'  tnper  wus  placed  close  under  ilie 
E  lube,  belli  p^rpeudicularlj,  and  tbe  smoke  passed  throuf^b  tbe 
tube,  in  tho  form  of  a  unifonn  thread.  At  a  distance  of  1'5 
metre  from  tlie  tube,  tbe  flrst  treble  E  was  rning.  Tbe  smoke 
eiirled,  and  it  uppeared  as  if  a  pnrt  of  it  wouJd  he  forced  out  at 
the  upper,  and  tbe  otber  purt  at  tbe  lower  opening  of  ibe  tube. 

i.  Two  gus-bumora,  1  millim.  in  the  aperture,  were  applied 
Tit«r  eacli  otber  to  tbe  same  conducting  tube.  Cummon  gaa 
(lowed  from  botli  of  them ;  one  projected  from  below  into  the 
])  tube,  for  about  one-fi(Yb  of  its  length ;  the  gas  flame  of  the 
nrher  was  3  millims.  iii  height.  At  a  dJDlance  of  1'5  metre  there- 
iVom,  the  first  treble  D  waa  sung;  the  Dame  increased  several 
times  in  breadth  and  beigbi,  and,  conBequenCly,  in  size  generally ; 
a  larger  quantity  of  gaa,  therefore,  Howcd  out  of  tbe  outer  burner, 
which  can  only  be  explained  by  a  diaiinution  of  ibe  Bti-eam  of 
gaa  in  the  inner  burner,  that  is,  in  the  one  surrounded  by  tbe 
glass  tube. 

y.  A  bnrner,  with  on  aperture  of  1  millim.  projecting  from 
below  into  tbe  D  tube,  about  60  millims.,  yielded  a  gas  flame 
14  minima,  in  length.  At  5-C  metres  tbetetVom,  the  first  treble 
E  was  eimg :  tlie  flame  waa  instanlaneouiUy  extinguislied.  The 
some  thing  look  place  at  7  metres,  when  the  Attnui  is  only  10 
luiliims.  in  height,  and  tbe  first  treble  D  sharp  is  niiig. 

i.  The  last- mentioned  flame  is  bIho  extinguished  by  the  note 
(i  sharp,  sounded  close  to  it.  Noises,  such 'as  tbe  dapping  of 
bands,  pushing  a  cbair,  or  thutting  a  book,  do  not  produce  this 
effect. 

5,  A  burner  with  an  aperture  of  0-5  millim.,  projecting  from 
below  60  miltima.  into  tbe  D  tube,  yielded  a  globular  gas  Rame 
3  to  3'.^  niilliros.  in  diumcter,  By  gradually  closing  a  stopcock, 
tbe  passage  of  gas  was  more  and  more  limited.  The  flame 
suddenly  became  much  longer,  but  at  tbe  same  time  narrower, 
and  nearly  cylindrical,  acquiring  a  bluish  colour  throughout,  nnil 
from  the  tube  a  piercing  second  treble  D  was  sounded ;  this  is 
the  phenomenon  of  the  so-called  chemical  harmonica,  which  has 
beeu  known  for  eighty  yearn.  When  the  stopcock  is  still  farther 
closed,  the  tone  becomes  stronger,  the  finme  longer,  narrower, 
and  nearly  spindle' shaped  ;  at  last  it  disappears. 

An  effect,  exactly  similar  to  that  caused  by  cutting  off  the  gas, 
_  u  produced  upon  the  ^midl  gas  Dame  by  a  D,  or  the  first  treble 
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D,  sung  or  sounded  from  in? 

be  observed  that  the  Haine  genemlly  becomes  ihe  more  aeiit 
the  smullei'  it  h,  aud  tlie  further  the  buroer  pTojecle  inl 
glass  tube. 

C.  The  flame  ia  the  D  tube  wan  2  or  3  inillimB.  in  leiigdt|j 
at  a  dislnnce  of  lG-3  metres  (more  than  51  feet)  Irom  it,  tiie  6 
treble  D  was  xounded.     The  flame    itameiliately  acquired   the 
imusual  form,  and  the  second  treble  D  sounded,  and  couiiiiued 
to  sound,  from  the  tube. 

7.  While  the  second  treble  D  of  the  preceding  esperiraent  was 
sounding,  the  first  trelile  D  was  Bounded  loudly,  close  to  the 
tube,  K'heu  the  Dame  became  excessively  elongated,  and  tlien 
disapijeared. 

8.  The  flame  being  only  1-5  millim.  in  length,  the  first  treble 
D  was  Bounded.  The  flame  gave  out  tlio  second  treble  D  {and 
per)i:ips  sometimes  also  a  higher  D)  only  for  a  moment,  and 
disappeared.  The  flame  is  also  affected  by  various  D's  of  an 
adjustjible  labial  pipe,  by  the  contra  D,  D,  D,  the  first  treble  D. 
and  the  second  treble  D  of  n  haniionium,  but  by  no  single  C 
sharp  or  D  sliarp  of  this  powerful  imstruaient.  It  is  also  affected 
by  the  third  treble  D  of  a  clarionet,  although  only  when  quite 
close.  The  sung  note  also  acts,  when  produced  by  inspiration 
(in  this  case  the  second  treble),  or  when  t!ie  mouth  is  turned 
from  the  flame, 

9.  In  immediat«  proximity,  the 
Some  influence  ia  esert^  by  n' 

not  fay  tlie  strongest  and  nearest,  i 
tone  is  not  contained  in  them. 

10.  The  flame  burning  quietly  in  the  interior  of  the  D  tube 
was  about  2'5  milliuis.  in  length.  Iti  the  next  room,  the  door 
of  which  was  open,  the  four  legs  of  a  cliair  were  stumped  simul- 
taneously upon  the  wooden  floor.  The  phenomenon  of  the 
chemical  harmonica  immediately  occurred.  A  veiy  smaU  Harue 
is,  of  course,  extinguislied,  after  sounding  for  an  instant,  by  the 
noise  of  a  chair.  A  tambourine,  when  struck,  act-t  sometimes, 
but  not  in  general. 

11.  The  flame  btu^ng,  in  the  excited  singing  condition,  in  the 
interior  of  the  D  tube,  the  latter  was  slowly  raised  as  high  as 
poauble,  without  causing  the  return  of  the  Hume  to  tlie  ordinarjr 


1  G  sung  is  efleclive. 

',  but  not  by  all,  and  often 

ently  because  the  exciiini^ 


0 
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condition.     Tlie  nnio,  the  first  treble  D,  was  sung  strongly  and 
broten  off  tuddenli,,  nt  il  distnnra  of  l-f)  metre.      The  hnrnionic 
tone  ceased,  «nd  the  flaiue  lell  inio  a  atate  of  repose,  without 
_  being  extingiiish<?[I. 

12.  The  same  result  wna  produced  by  acting  upon  llie  draught 
if  »\T  in  llie  tube  by  a  fanning  motion  of  the  open  hand,  close 

1' above  the  upper  aperture  of  the  tube. 

13.  In  tlie  1)  tube  tliere  were  two  burners  close  together ;  one 
I  of  them,  0'5  millim.  in  aperture,  opened  5  niillims.  below  the 

Mhcr,  the  diameter  of  which  was  1  millim,  or  more.  Currents 
of  gax,  independent  of  each  other,  flowed  out  of  both ;  thai 
flowing  from  the  narrower  buruor  being  very  feeble,  and 
burning,  when  ignited,  with  a  flame  about  1-5  millim.  in  length, 
nearly  invisible  in  iJie  day ;  the  ficHt  treble  D  wok  sung  at  n 
diBMnce  of  three  metres.  The  strong  current  of  gas  wan  iinme- 
dinlely    inflamed,    because  the   little   flame    aituutcd   below   it, 

»  becoming  elongated,  flared  up  into  it.  By  a  stronger  action  of 
tiu!  tone,  tlie  small  flame  itself  is  extinguiHhed,  so  that  an  actual 
tnnsfer  of  the  flame  from  one  burner  to  the  other  takes  place. 
Soon  alterward.'i,  the  feeble  current  of  gas  is  usually  again  inflamed 
by  the  large  flume,  and  if  the  latter  be  ngaiu  extinguished  alone, 
arerylhing  is  ready  for  a  repetition  of  the  experiment, 
14.  The  same  result  is  fumislied  by  stamping  with  the  chair. 
&e.  It  ia  evident  that,  in  this  way,  gHs-Hames  of  any  desired 
size,  and  any  mechanieal  action,  may  be  produced  by  muMcal 

» tones  and  noises,  ifa  wire  stretched  by  a  weight  be  passed  tlirough 
|be  glsBK  tube,  in  such  a  way  that  tlie  tlaring  gas-llauie  must 
bttrn  upon  it. 
1.^.  If  the  flame  of  the  chemical  harmonica  be  looke<l  nt  sleiid- 
fiistly,  and  if,  tit  the  same  time,  the  head  be  moved  rapidly  to  the 
right  and  Icll  altcmntely,  an  uninterrupted  strettk  of  light  is  n[>t 
seen,  such  as  is  given  by  every  otiier  luminous  body,  but  a 
scries  of  closely  approximated  flamt«,  and  often  dcntated  and 
undulaieil  figures,  especially  when  tubes  of  a  metre,  and  flames 
of  a  centimetre,  in  length  are  employed. 

This  experiment  also  succeeds  very  easily  without  moring  the 

the  llame  is  looked  nt  through  an  opera-gloss,  the 

Dbject-glass  of  which  is  moved  rapidly  to  and  fro,  or  in  a  circle : 

)nd  also  when  the  picture  of  ihe  flame  is  observed  in  a  hand- 
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mirror  shaken  about.  It  is,  however,  only  a  variation  of  the 
experiment  long  since  described  and  explained  by  Wheatstone, 
for  which  a  mirror  turned  by  watchwork  was  employed. 

[It  is  perhaps  but  right  that  I  should  draw  attention  to  the  relation  of 
the  foregoing  paper  to  one  that  I  have  published  on  the  same  subject.  On 
May  6,  and  the  days  immediately  following,  the  principal  facts  described  in 
my  paper  were  discovered ;  but  on  April  30,  the  foregoing  results  had  been 
communicated  by  Prof.  Poggendorff  to  the  Acaclemy  of  Sciences  in  Berlin. 
Through  the  kindness  of  M.  von  Scha%otsch  himself,  I  received  his  paper 
at  Chamouni,  many  weeks  after  the  publication  of  my  own,  and  until  then  I 
was  not  aware  of  his  having  continued  his  experiments  upon  the  subject. 

We  thus  worked  independently  of  each  other ;  but,  as  far  as  the  described 
phenomena  are  common  to  both,  all  the  merit  of  priority  rests  with  Count 
Schaflfeotsch.— J.  T.] 


WITH    DISTANCK. 


CHAPTER  IX. 


(334)  rpHE  intensity  of  rmliaQt  heat  diminishea  with  the 
-L  dintance,  in  the  itame  manner  as  that  of  tight. 
Whiit  is  the  l.iw  of  diminution  fur  light  ?  Kuch  eide  of 
this  square  sheet  of  paper  measures  two  feet ;  folde<l  thus, 
it  forms  a  smaller  squjire,  each  aide  of  which  is  a  foot  in 
length.  The  electric  lamp  now  etautls  at  a  distance  of 
sixt€^u  feet  from  the  screen ;  and  at  a  distance  of  «ight 
feet,  that  is,  exactly  midway  belween  the  screen  an<l  the 
lamp,  I  hold  this  sipinre  of  paper.  The  lamp  is  naked, 
iinsiirroiinded  Liy  its  camera,  and  the  rnye,  uninfluenced 
by  any  lens,  are  emitted  in  straight  linea  mi  all  sides.  Vou 
see  the  shadow  of  the  square  of  paper  on  the  screen;  let 
118  measure  the  houndiiry  of  that  shadow,  and  then  unfold 
the  sheet  of  paper,  so  as  to  obtain  the  ongin.il  large 
'  square.     You  see,  hy  the  creases,  that  it  is  exactly  four 


times  the  area  of  tlie  smaller  one.  Tliifi  larpfe  sheet,  when 
placed  against  the  screen,  exactly  covers  the  apace  formerly 
occupied  by  the  shadow  of  the  amall  square. 

(335)  On  the  suiiiU  aquiire,  therefore,  when  it  stood 
midway  between  the  lamp  and  screen,  a  quantity  of  light 
fell  which,  when  the  small  square  is  removed,  is  difFiiaed 
over  four  times  the  area  upon  the  screen.  But  if  the  same 
quantity  of  light  is  diffused  over  four  times  the  area,  it 
must  be  diluted  to  one-fourth  of  its  oiiginal  intensity. 
Hence,  by  tlouhling  the  distance  from  the  source  of  light, 
we  diminish  the  intensity  to  one-fourth.  By  a  precisely 
similar  mode  of  experiment,  we  could  prove,  that  by  tre- 
bling the  distance,  we  diminish  the  intensity  to  one-uintb ; 
and  by  quadrupling  the  distance  we  reduce  tbe  intensity 
to  one-flixteenth :  in  short,  we  thus  demonstrate  the  law 
that  the  intensity  of  light  diminishes,  as  the  square  of  the 
distance  increases.  This  is  the  celebrated  law  of  Inverse 
Squares,  as  applied  to  light. 

(336)  But  it  has  been  stated  that  heat  diminishes, 
according  to  the  same  law.  Observe  the  experiment  which 
I  am  now  about  to  perlbrm  before  you.  Here  is  a  narrow 
tin  vessel,  mn  (fig,  7B),  presenting  a  side,  coated  with 
lampblack,  a  square  yard  in  area.  The  vessel  is  filled 
witii  hot  water,  which  converts  this  large  surface  into 
a  source  of  radiant  heat,  1  novr  place  the  amical  re- 
flector on  tbe  thermo-electric  pile,  p,  but  instead  of  per- 
mitting it  to  remain  a  reflector,  I  push  into  the  hollow 
cone  this  lining  of  black  paper,  which  fits  exactly,  and 
which,  instead  of  reflecting  any  beat  that  may  fall  obliquely 
on  it,  effectually  cuts  off  the  oblique  ra'iiation.  The  pile 
is  now  connected  with  the  g.iivanometer,  and  its  reflector 
is  close  to  the  radiating  surface,  the  face  of  the  pile  itself 
being  about  six  inches  distant  from  the  surface. 

'.337)  The  needle  of  the  galvanometer  moves;  it  uow_ 
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points  steadily  to  60°.  and  there  it  will  remaia  as  long  as 
the  temperature  of  the  radiating  surface  remains  aenaibly 
conRtaat,  I  will  now  grmlually  withdraw  the  pile  from 
the  surface,  and  ask  ^u  to  observe  the  effect  upon  tlie 
galvanometer.  Yon  will  naturally  expect  that  aa  tlie 
pile  is  withdrawn,  the  intensity  of  the  heat  will  diminish, 
and  that,  the  deflection  of  the  galvanometer  will  fall, 
iu  a  corrcHponding  degree.     The  pile  is  nuw  at  double 
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the  distJince,  but  Iho  neetlle  dofs  nf>t  move  :  at  trcltle  the 
distance,  the  needle  is  still  stationary ;  we  may  successively 
quiidrnple,  quintuple— go  to  ten  times  the  distance,  but 
the  needle  is  rigid  in  its  adherence  to  the  deflection  of  60°. 
There  is,  to  all  appearance,  no  diminution  at  all  of  inten- 
sity with  the  increase  of  distance. 

(338)  From  this  experiment,  which  might  at  first  sight 
appear  fatal  to  the  law  of  inverse  squares,  as  applied  to 
heat,  Melloni,  in  the  most  ingenious  manner,  proved  the 
law.  I  will  here  follow  his  reasoning.  Imi^ne  the  hol- 
low cone  in  front  of  the  pile  prolonged ;  it  would  cut  the 
radiating  burfuce  in  a  circle,  and  this  circle  is  the  only 
portion  of  that    surface    whose  rays  can    reach  the  pile. 


270  HEAT  AS   A  MODE   OP  MOTION.  chap.  ix. 

All  the  otiier  rays  are  cut  oflF  by  the  non-reflecting 
lining  of  the  cone.  When  the  pile  is  moved  to  double 
the  distance,  the  section  of  the  cone  prolonged  encloses 
a  circle  exactly  four  times  the  area  of  the  former  one; 
at  treble  the  distance,  the  radiating  surface  is  augmented 
nine  times ;  at  ten  times  the  distance,  the  radiating 
surface  is  augmented  100  times.  Now,  the  constancy  of 
the  deflection  proves  that  the  augmentation  of  the  sur- 
face must  be  exactly  neutralised  by  the  diminution  of 
the  intensity.  But  the  radiating  surface  augments  as 
the  square  of  the  distance,   hence  the  intensity  of  the 

a 

heat  must  diminish  as  the  square  of  the  distance ;  and 
thus  the  experiment,  which  might  at  first  sight  appear 
fatal  to  the  law,  demonstrates  that  law  in  the  most  simple 
and  conclusive  manner. 

(338a)  I  have  spoken  of  the  dilution  suff'ered  by  light 
when  it  is  diff'used  over  a  large  surface.  This,  however,  is 
but  a  vague  way  of  expressing  the  real  fact.  The  dimi- 
nution of  intensity  in  the  case  both  of  light  and  radiant 
heat  is,  in  reality,  a  diminution  of  motion.  Every  ether 
particle,  as  a  wave  passes  it,  makes  a  complete  oscillation 
to  and  fro.  At  the  two  limits  of  its  excursion  it  is  brought 
momentarily  to  rest,  midway  between  those  limits  its  ve- 
locity is  a  maximum.  Now  ilie  intensity  of  the  lirjht  is 
propoHioiial  to  the  square  of  this  maximiivx  velocity. 
The  range  of  the  vibration  of  an  ether  particle  is  techni- 
cally called  its  amplitude ;  and  the  intensity  of  the  light 
is  also  proportional  to  the  square  of  the  amplitude.  It 
can  be  proved  that  both  the  maximum  velocity  and  the 
amplitude  vary  inversely  as  the  distance  from  the  radiant 
point ;  hence  the  intensity  of  the  light  and  heat  emitted 
by  that  point  must  vary  inversely  as  the  square  of  the  dis- 
tance.    The  problem  is  one  of  pure  mechanics. 

(339)  Let  us  now  revert  for  a  moment  to  our  funda- 
mental conceptions  regaiding  radiant  heat.     Its  origin  is 
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.ao  oscillatory  motion  of  tlie  uUiinate  particles  of  matt«-r 
—a  motion  taken  up  by  tiie  ether,  and  propagated  through 
it  in  wivves.  The  particles  of  ether  in  these  waves  do  not 
Qscitlute  in  the  same  maDner  as  the  particles  of  air,  in 
the  case  of  sound.*  The  air-particles  move  to  and  fro, 
io  the  direction  in  which  the  sound  travels ;  the  ether  par- 
ticles move  to  and  fro,  across  the  line  in  which  the  light 
travels.  The  undulations  of  the  air  are  longitudinal, 
those  of  the  ether  transversal.  The  ether  waves  resemble 
more  the  ripples  of  water  than  they  do  tlie  aerial  pulses 
which  produce  sound ;  that  this  is  the  case  has  been  in- 
ferred from  optical  phenomena.  But  it  is  manifest  that 
the  disturbance  produced  in  the  ether  must  depend  upon 
the  character  of  the  oscillating  molecule;  one  atom  may 
be  more  unwieldy  than  another,  and  a  single  atom  could 
not  }>e  expected  to  produce  no  great  a  disturbance  oa  a 
group  of  atoms  oscillating  as  a  system.  Thus,  when  different 
bodies  are  heated,  we  may  fairly  expect  that  their  atoms 
will  not  all  create  the  same  amount  of  disturl)auce  in  the 
ether.  It  is  probable  that  some  will  commimicate  a  greater 
amount  of  motion  than  others :  in  other  words,  that  some 
will  radiate  more  copiously  than  others ;  for  radiation, 
strictly  defined,  is  the  cavimunication  of  motion  from  thr 
particles  of  a  heated  bodtf,  to  the  ether  in  which,  these 
particles  are  immitrsetl,  and  through  which  the  motion  is 
propof/at^iL 

(340)  J>et  us  now  teat  this  idea  by  experiment.  This 
cubical  vessel  v  (tig.  79)  ia  called  a '  Leslie's  cube,'  because 
re^aels  of  this  shape  were  used  by  .Sir  John  Leslie,  in  his 
beautiful  researches  on  radiant  heat.  The  cube  is  of  pewter, 
but  one  of  its  sides  is  coated  with  a  layer  of  gold,  another 
with  a  layer  of  silver,  a  third  with  a  layer  of  copper, 
while  the  fourth  is  coated  with  a  varnish  of  isinglass.    Let 
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UH  fill  the  cube  with  liot  water,  aud  keeping  it  at  a  constant 
distacce  from  the  thermo-electric  pile.  P,  allow  its  four 
faces  to  radiate,  in  succession,  against  the  pile.  The  hot 
ffold  surface,  you  see,  produces  scarcely  any  deBection ; 
the  hot  siiver  is  equally  inoperative;  the  same  ia  the  case 
with  the  copper ;  but  when  this  varnished  suiface  is  turned 
towai'da  the  pile,  the  gnsh  of  heat  becomes  suddenly  so 
great  that  the  needle  moves  up  to  its  slops.     Hence  we 


infer,  that  through  some  physical  cause  or  other,  the 
molecules  of  the  varnish,  when  agitated  by  the  hot  water 
within  the  cube,  communicate  more  motion  to  the  ether 
than  do  the  atoms  of  the  metals;  in  other  words,  the 
varnish  is  a  belter  radiator  than  the  metals  are.  A 
similar  result  is  obtained  when  this  silver  teapot  is  com- 
pared with  this  earthenware  one;  both  being  filled  with 
boiling  water,  the  silver  produces  but  little  effect,  while  the 
radiation  from  the  earthenware  is  ao  copious,  as  to  drive 
the  needle  up  to  90°.  Thus,  also,  if  this  pewter  pot  be  com- 
pared with  this  glass  beaker,  when  both  are  filled  with  hot 
water,  tlie  radiation  from  the  glass  proves  to  be  much  more 
powerful  than  that  from  the  pewter. 

(341)  You  lave  often  heard  of  the  effect  of  colours  on 
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KlRuliatiou,  anil   heard  a  y^nod  deal,  aa  shall  afterwards  be 
ifaowD,  that  is  unworrauted  bj  experiment,     One  of  the 
Vjiides  of  this  cube  is  cuated  with  whiting,  another  with 
limatiiie,  a  third  with  lampblack,  while  the  fourth  id  left 
Iimcoated.     On  presenting  Ihe  black  surfuce  t^o  the  pile, 
Mihe  cube  being  filled  with  boiling  water,  the  needle  moven 
bUp.  and  now  {xiintH  steadily  to  60°.     The  cube  rtists  upou 
]/Ht  little  tiirn-tiiiile,  und  by  turniujr  the  support,  the  white 
fiice   is   preKented  to  the  pile;  the  needle  reniaius  sta- 
tionary, pruviog  the  radiation  from  the  white  surface  t4) 
be  just  as  copiouH  us  that  from  the  black.     When  the  red 
surface  is  turned  towards  the    pile,    there  is  no  change 
in  the  position  of  the  needle.     I  now  turn  the  uucoat^-d 
side;  the  neetlle  instantly  falls,  proving  the  inferiority  of 
the  metallic   atii'face   us  a  radiator.     Prei^ieely  the  samt> 
experiments  may  be  repeated  with  this  cube,  the  aides  of 
which  are   covered   with   velvet;   one   face   with   black, 
another  with  white,  and  a  third  with  red.     The   three 
velvet  surfaces  radiate  alike,  wliile  the  naked  surface  radi- 
ates less  tiian  any  of  them.     These  experJnieuts  show  that 
t  tite   radiation   frciin    tlio  clothes  which   cover  the  human 
[  body  is  independent  of  their  colour;  that  of  an  animal's 
I  fur  being  equally  incompetent  to  influence  the  radiation. 
I  These  arethe  conclusions  arrived  at  by  Melloni/or  obscure 
heal.    We  shall  subfei]iiently  push  the  iuvestigatiou  of  this 
I  wbject  much  beyoad  the  point  nt  whicli  Melluni  left  it. 
(342)  Now  if  the  coated  surfaee  in  the  foregoing  experi- 
ments euminunicates  more  motion  to  the  ether  than  the 
I  UQcoated  one,  it  neoessunly  follows,  that  the  coated  vessel 
I  will  cool  more  quickly  than  the  uncoated  one.     Here  are 
['<twn  cul)e8,  one  of  which  is  covered  with  lamphluck,  while 
other   id   bright.     Three-<|UHrters   of   an    hour  ago 
Ktiliug  water  was  poured  into  these  vessels,  a  thermometer 
wing  placed  in  each  of  tbeni.     Both  thermometers  then 
ibowed  the  satrnt-  temperature,  but  now  one  of  them  is  two 
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*  ^  otW,  tbe  vessel  wliich  has  cooled  most 
h  4hf*  voateil  oDe.  Here  are  two  vessels,  nne  of 
)  t-Vv^>Uit'  the  other  closely  coated  with  fiannel. 
Ht  V-wr  «l^>  two  thermometers,  plunged  in  these 
;^«vd  the  same  temperature,  but  the  covered 
^^.  ^ai  *>*  "  temperature  two  or  three  degrees  lower 
^^  1^  MtULfd  one.  It  in  not  uDURUal  to  preserve  the 
^l^^t^UM>td  byawoolleu  covering,  but  the  'cosy'  mast 
^  ^MO  IwMttly-  A  closely  fitting  cosy,  which  has  the  heat 
^  Ikv  S*«-p'it  freely  imparted  to  it  by  cootact,  would,  as 
V*  tMvv  K>eu,  promote  the  loss  which  it  is  intended  to 
^kWMuWh,  and  thus  do  more  harm  than  goo<]. 

I W31  tl'if  "f  tlifi  ^^^  interesting  points  connected  with 
tW  iHibject  is  the  reciprocity  which  exirtfl  between  the 
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of  »  body  to  communicate  motion  to  the  ether,  or 


tvi  mtllatt'  1  and  its  power  to  accept  motion  from  the  ether, 
ur  to  absorb.  As  regards  radiation,  we  have  already 
t<ikmpnred  lampblack  and  whiting  with  metallic  surfaces: 
wv  will  now  c()mpare  the  same  substances,  with  reference 
lo  their  powers  of  absorption.  Of  these  two  sheets  of  tin, 
^  N,  n  p  (tig.  80),  one  o  p,  is  coated  with  whiting,  and  the 
iithrr,  HN,  left  uncoated;  I  place  them  thus  parallel  to 
tiooh  other,  and  at  a  distance  of  about  two  feet  asunder. 
To  the  edge  of  each  sheet  is  soldered  a  screw,  and  from 
(mo  sheet  to  the  other  is  stretched  a  copper  wire,  a,  t. 
At  the  back  of  each  sheet  is  soldered  one  end  of  a  little 
liar  of  bismuth,  to  the  other  end,  e,  of  which  a  wire 
id  attached,  and  terminated  by  a  binding  screw.  With 
these  two  binding  screws  are  connected  the  two  ends  of 
tlie  wire,  coming  from  the  galvanometer  beyond  c,  and 
yoK  observe  that  we  have  now  an  unbroken  circuit,  in 
which  the  galvanometer  is  included.  Von  know  already 
■£muth  bars  are  intended  for.  When  tlie 
is  placed  on  this  left-hand  one,  a  current  U 
developed,  which  piisses  from  the  bismuth  t 
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the  tin,  tbence  through  the  wire  conDecting  the  two 
sheets,  thence  round  the  galvanometer,  and  back  to  the 
point  from  which  it  started.  The  needle  of  the  galvano- 
meter moves  through  a  large  !irc ;  the  red  end  going 
towards  you.  I  now  place  my  finger  upon  the  bismuth  at 
liie  back  of  the  other  plate  ;  a  large  deflection  in  the  op- 
piisite  direction  is  the  consequence.  When  tiie  finger  is 
withdrawn,  the  junction  cools,  Hud  once  more  the  needle 
sinks  to  zero. 


(;i44)  Exactly  midway  between  the  two  sheets  of  tin, 
is  set  a  stand  on  which  is  placed  a  heated  copper  ball ;  the 
ball  radiates  against  both  sheets:  on  the  right,  however, 
the  rays  strike  upon  a  coated  surface,  while  on  the 
left  they  strike  upon  a  naked  metallic  one.  If  both 
surfaces  absorbed  equally  the  radiant  heat—if  both  ac- 
cepted with  equal  freedom  the  motion  of  the  ethereal 
tWavcK— the    bismuth    juuct.ione    if  o    would    be 
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tjqually  warmed,  and  one  of  them  would  neutralise  the 
other.  But  if  one  surface  he  a  more  powerful  absorber 
than  the  other,  a.  deflection  of  the  galvanometer  needle 
will  be  the  consequence,  and  the  direction  of  the  deflection 
will  tell  us  which  is  the  beat  absorber.  The  ball  ia  now 
upon  the  stand,  und  the  prompt  and  energetic  deflection  of 
the  needle  informs  us  that  the  coated  surface  is  the  nio»t 
powerful  absorber.  Id  the  same  way  I  compare  lampblack 
and  varnish  with  tin,  and  find  the  two  former  to  be  by  far 
the  best  absurbers. 

(345)  The  thinnest  metallic  cnating  furuishes  a  power- 
ful defence  against  the  absorption  of  radiant  heat.  The 
back  of  this  sheet  of  '  gold  paper,' — the  gold  being  merely 
copper  reduced  to  great  tenuity — is  coated  with  the  red 
iodide  of  mercury.  This  iodide,  as  many  of  you  know, 
haa  its  red  colour  discharged  by  heat,  the  powder  becom- 
ing a  pale  yellow.  I  lay  the  paper  flat  on  a  board,  with 
the  coloured  surface  downwards:  on  its  upper  metallic 
surface  are  pasted  pieces  of  paper  so  aa  to  form  a  com- 
plicated pattern.  I  now  pass  a.  red-hot  spatula  several 
times  over  the  sheet;  the  spatula  radiates  strongly  againat 
the  sheet,  but  its  rays  are  absorbed  in  very  different  de- 
grees. The  metallic  surf(w;e  absorbs  but  little ;  the  paper 
surfaces  u'worb  greedily;  and,  on  turning  up  the  sheet,  you 
see  that  the  iodide  underneath  the  metallic  portion  is 
perfectly  unchanged,  while  under  every  bit  of  paper  the 
colour  is  discharged.  An  exact  copy  of  the  figures  past'ed 
ou  the  opposite  surface  of  the  sheet  is  thus  formed. 
For  another  example  of  the  same  kind,  I  am  indebted 
to  Mr.  Hill.  A  fire  sent  its  rays  against  this  painted 
piece  of  wood  (fig.  81),  on  which  the  number  338  was 
printed  in  gold-leaf  letters ;  the  paint  is  blistered  and 
charred  all  round  the  letters,  but  underneath  the  letters 
the  wood  and  paint  are  quite  unaffected.  This  thin  film 
F  gold  has  been  quile  sufticieiit  to  prevent  (lie  absorp- 
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lEion,  to  wliich  the  destmcHon  of  tlip  Mirroumiing  surfncp 
fa  due. 

(346)    TiiP    lum in ife rolls    ether    fills    stellar    apace;    it 
l^ibakes  the  universe  a  whole,  and  renders  possible  tlie  in- 
Jjercora  muni  cat  ion  of  light  and  energy  between  star  and 
But   the   subtle   Bubstance  penetrates  farther ;   it 
lurrounds    the    very    atoms    of   solid    and    liquid    siib- 


»fetances,  Tr.inspr^rent  bodies  fire  such,  beoaiise  the  ether 
and  the  atomn  of  such  bodies  are  so  related  to  each 
other,  that  the  waves  which  excite  light  can  pass  through 
them  without  transferring  their  motion  to  the  atoms.  In 
coloured  bodies,  certain  waves  are  absorbed ;  but  those 
which  give  the  body  its  colour  pass  without  abflorption. 
Through  this  solution  of  sulphate  of  copper,  for  example, 
the  blue  waves  speed  unimpeded,  while  the  red  waves  are 
destroyed,  A  brilliant  spectrum  is  now  formed  upon  the 
screen  ;  when  the  beam  is  sent  through  this  solution,  the 
red  end  of  the  spectrum  is  cut  away.  This  piece  of  red 
I  glass,  on  the  contrary,  owes  its  colour  to  the  fact  that  il« 
L  lubstance  can  be  traversed  freely  by  the  longer  undulations 
■pf  red,  while  the  shorter  waves  are  absorbed.  Placed  in 
i  path  of  the  light,  it  leaves  merely  a  vivid  red  band 
Upon  the  screen.  This  blue  liquid,  then,  ctita  oEF  the  rays 
■ansmitted  by  the  red  glass:  and  the  red  glass  cuts  off 


HEAT    AS   A    MODE   OF   MOTION. 


4 


those  transmitted  by  the  liquid ;  by  the  unioo  cf  both  we 
ought  to  have  perfect  opacity,  and  so  we  have.  When  botb 
are  placed  in  the  path  of  the  beam,  the  entire  spectrum  dis- 
appears ;  the  unioQ  of  the  two  partially  transparent  bodies 
producing  an  opacity,  equal  to  that  of  pitch  or  metal. 

f347)  A  solution  of  the  permanganat-e  of  potash  plai-ed 
in  the  path  of  the  beam  permits  the  two  ends  of  the 
spectrum  to  pass  freely  through ;  you  have  the  red  and  the 
blue,  but  between  both  a  space  of  intense  blackness.  The 
yellow  of  the  spectrum  is  pitilessly  destroyed  by  thid 
liquid  ;  amoDg  its  atoms  these  yellow  rays  cannot  pass, 
while  the  red  and  the  blue  get  through  the  inter-atomie 
spaces,  without  sensible  hindrance.  And  hence  the  gor- 
geous colour  of  this  liquid.  Turning  the  lamp  roimd,  and 
projecting  a  disk  of  light  two  feet  in  diameter  upon  the 
screen,  I  introduce  this  liquid.  Can  anything  be  more 
splendid  than  the  colour  of  that  disk  ?  I  turn  the  lamp 
obliquely,  and  introduce  a  prism ;  the  violet  component 
of  that  beautiful  colour  has  slidden  away  from  the  red- 
Yen  see  two  definite  disks  of  these  two  colours  which 
overlap  in  the  centre,  and  exhibit  there  the  tint  of  the 
composite  lijjht  which  pa.=ses  through  the  liquid. 

(348)  Thus,  as  regards  the  waves  of  light,  bodies  exer- 
cise, as  it  were,  an  elective  power,  singling  out  certain 
waves  for  destruction,  and  permitting  others  to  pass. 
Transparency  to  waves  of  one  length  does  not  at  all 
imply  transparency  to  waves  of  another  length,  and  from 
this  we  might  reasonably  infer,  that  transparency  to  light 
does  not  necessarily  imply  transparency  to  radiant  heat. 
This  conclusion  is  entirely  verified  by  experiment.  This 
tin  screen,  m  n  (fig.  82),  is  pierced  by  an  aperture, 
behind  which  is  soldered  a  sm.oll  stand  s.  I  place  this 
copper  ball,  b,  heated  to  dull  redness,  on  a  proper  stand, 
at  one  side  of  the  screen.  At  the  other  side  is  placed  the 
t  her  mo-el  eft  ric  pik',  p ;  the  rays  from  the  ball  now  pa.is 
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tJirough  the  aperture  in  the  screen  and  fall  xipon  the  pile 
— the  needle  moves,  and  finally  eomes  to  rest  with  a  stead; 


defleetion  of  80°.  I  pluce  this  glass  cell,  a  quarter  of  an 
inch  wide,  filled  with  distilled  water,  on  the  stand  s,  bo 
that  all  rays  reaching  the  pile  mugt  pass  through  the 
water.  What  takes  place?  The  needle  steadily  sinks 
to  zero;  scarcely  a  ray  from  the  ball  can  cniga  the  water; 
to  the  undulations  issuing  from  the  bail  the  water  is 
practically  opaque,  though  so  extremely  transparent  to 
the  rays  of  light.  Before  removing  the  cell  of  water,  I 
place  behind  it  a  siinilflr  cell,  containing  transparent  bi- 
milphide  of  carbon:  so  that  now,  when  the  water-cell  is 
removed,  the  aperture  is  still  barred  by  the  new  liquid. 
What  occurs?  The  needle  promptly  moves  upwards,  and 
describes  a  large  arc;  so  that  the  selfsame  rays  which 
found  the  water  impenetrable,  find  e»sy  access  through 
the  bisulphide  of  cnrl>on.  In  the  same  way,  when  alcohol 
is  compared  with  chloride  of  phosphorus,  we  find  the 
t  former  almost  opaque  to  the  rays  emitted  by  our  waruk 
f  ball,  while  the  latter  permits  them  to  pass  freely. 

(349)  So,  also,  as  regards  solid  bodies.     This  plate  of 
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very  pure  glass  is  now  placed  on  the  stand,  between  the 
pile  and  this  cube  of  hot  water.  No  movement  of  the 
needle  is  perceptible.  I  now  displace  the  plate  of  glass  by 
a  plate  of  rocksalt  of  ten  times  the  thickness;  you  set- 
how  promptly  the  needle  moves,  until  arrested  by  its 
stops.  To  these  rays,  then,  rocksalt  is  eminently  trans- 
parent, while  glass  is  practically  opaque  to  them. 

(350)  For  these,  and  numberless  similar  results,  we  are 
indebted  to  Melloni,  who. may  be  almost  regarded  as  the 
creator  of  this  branch  of  our  subject.  To  express  the 
power  of  transmitting  radiant  beat,  he  proposed  the  word 
diafhermimq/.  Diathermancy  bears  the  same  relation  to 
nuliaiit  heat  that  transparency  does  to  light.  Instead  of 
giving  you,  at  this  stage  of  our  enquiries,  determinations 
of  my  own  of  the  diathermancy  of  solids  and  liquids,  I  wi'l 
make  a  selection  from  the  tables  of  the  eminent  Italian 
philosopher  just  referred  to.  In  these  determinations, 
Melloni  uses  four  different  sources  of  heat :  the  flame  of 
a  Locateili  lamp:  a  spiral  of  platinum  wire,  kept  incan- 
descent by  the  flame  of  an  alcohol  lamp ;  a  plate  of  copper 
heated  to  400°  Cent.,  and  a  plate  of  copper  heated  to  100° 
Cent,,  the  last  mentioned  source  being  the  surface  of  n 
copper  cube,  containing  boiling  water.  Tlie  experiments 
were  made  in  the  following  manner: — First,  the  radiation 
of  the  source,  that  ia  to  eay  the  galvauometric  deflection 
produced  by  it,  was  determined,  when  nothing  but  air 
intervened  between  the  source  of  heat  and  the  pile.  This 
deflection  expressed  the  total  radiation.  Then  the  sub- 
stance whose  diathermancy  was  to  he  examined  was  intro- 
duced, and  the  consequent  deflection  noted  ;  this  deflection 
expressed  the  quantity  of  heat  transmitted  by  the  sub- 
stance. Calling  the  totjd  radiation  100,  the  proportionate 
quantities  transmitted  by  twenty-five  different  substances 

e  given  in  the  annexed  table. 
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1  ItocbmtL 

'     a  Sicilinn  auiphur  . 

3  Fluor  Bpat  . 
I     *  Beryl  . 

ft  Ii:p1iuid  Hpur 

6  nidMi   . 

7  Hock  cryiitftl  (cleiiri 

8  Soiokj'  qtiHrlE 

f>  CKroninU  of  poluih 

10  While  Lopu 

11  CnrboDMH  of  Ie*J 

'  13  Solphiitd  of  IwrfU 
13  folapir 
11  AniuibTst  (violet.) 

15  ArtiHcial  mnhfir  . 

16  UorutA  of  mhU 

17  Touraiilino(clo''p  gwi 


'  3S  Alum  , 
I  '  If  8ug»r-autdv 


LOMMItl 

IB0». 

'-• - 

»3'3 

BBS 

82-3 

71 

77 

4u 

69 

42 

S4 

23 

89 

28 

30 

21 

38 

28 

37 

28 

3* 

83 

2J 

a2 

.  aa 

23 

18 

21 

» 

18 

18 

12 
16 
3 

11 
II 

3 

BS 

(351)  This  table  shows,  in  tbe  tirst  place,  what  very 
different  transmissive  powers  different  solid  bodies  posaetiit. 
It  shows  us  also  that,  with  a  siugle  exception,  the  dia- 
thermancy of  the  bodies  mentioned  varies  with  the  qiuility 
of  the  beat.      Rocksalt,  only,  is  equally  transparent  to 
heat  from  the  four  sources.     It   must  here  be  borne  in 
miad  that  the  luminouB  rays  are  also  calorific  raya;  that 
the  Eel&ame  ray,  falling  upon  the  nerve  of  vision,  pro- 
I  duces  the  impression  of  light;   whiU,  impinging   upon 
I  other  nerves  of  the  body,  it  produces  the  impre^ion  of 
I  beat.    The  luminous  calorific  rays  have,  however,  a  shorter 
L  wave-length  tliaii  the  oljscure  calorific  rays ;  and  knowing. 
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as  we  do,  how  differently  waves  of  different  lengths  are 
iilisurbed  by  bodies,  we  are  in  a  measure  prepared  for 
the  results  of  the  foregoing  table.  Tlius,  while  glass  of 
the  thickness  specified  permits  39  per  cent,  of  the  raya 
of  Lociitelli's  lamp,  and  24  per  cent,  of  the  rays  from 
the  incandescent  platinum  to  pass,  it  transmits  only  6  per 
cent,  of  the  raya  from  a  source  of  400°  C,  while  it  is 
iibaolutely  opaque  to  all  rays  emitt«id  from  a  source  of 
1U0°C.  We  also  see  that  limpid  ice,  so  highly  trans- 
parent to  light,  transmits  only  (i  per  cent,  of  the  rays  of 
the  lamp,  and  0-5  per  cent,  of  the  rays  of  the  incandescent 
platinum,  while  it  cuts  off  all  raya  issuing  from  the  other 
two  sources.  We  have  here  an  intimation,  that  by  far 
the  greater  portion  of  the  rays  emitted  by  the  lamp  of 
Locatelli  must  be  obscure.  Lnminoua  rays  pass  through 
ice,  of  the  thickness  here  given,  ivithout  sensible  absorp- 
tion, and  the  fact  that  94  per  cent,  of  the  rays  issuing 
from  Locatelli's  flame  are  destroyed  by  the  ice,  proves 
that  this  proportion  of  these  rays  has  no  light^giving 
power.  As  regards  the  influence  of  transparency,  clear 
and  smoky  quartz  are  very  instructive.  Here  are  the 
two  substances,  one  perfectly  pellucid,  the  other  a  dark 
brown ;  still,  for  the  luminous  rays  only  do  these  two 
specimens  show  a  difference  of  transmission.  The  clear 
i)uartz  transmits  38  per  cent.,  and  the  smoky  quartz  37 
per  cent,  of  the  rays  from  the  lamp,  while,  for  the  ol 
three  sources,  the  transmissions  of  both  siibatanoea 
identical. 

(352)  Melloni  supposed  rockaalt  to  be  perfectly  trans- 
parent to  all  kinds  of  calorific  rays,  the  7'7  per  cent,  lese 
than  a  hundred  which  the  foregoing  tahle  exhibits,  being 
due,  not  to  absorption  but  to  reflection  at  the  two  sur- 
faces of  the  plate  of  salt.  But  the  accurate  experiments 
of  MM.  lie  la  Provostaye  and  Desaina  prove  that  this 
substance  is  permeable  in  different  deijrees  to  heat  of  ilif- 
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ferent  kinds;  wbile  Mr.  Balfour  Stewart  has  eatabliahed 
tba  important  fact,  that  rocksalt  is  particularly  opaque  to 
rays  issuing  from  a  heated  piece  of  the  same  substance. 
We  shall  return  to  this  important  subject, 

(33.3)  In  the  following  table,  which  is  also  borrowed  from 
ilelloni,  the  calorific  transmissions  of  nineteen  different 


N.n«. ..(  Uioid. ;  Ihl<:ki»..  Q-H  in. 

asas^ 

2  Bichluride  of  sulphur 

5  Ppotochloridaofpho. 

6  Olive  oil     . 

a  s»phth»   .      , 

T  EB»iiceofl«TBtidrf 

B  Kulphnric  iKid     . 

10  Bydntteofwnmonm 

11  Nitric  irid 

12  Abwilutd  nU-olxii 
18  Hjxlmta  of  potash 
N  Aeotic  acid 

16  CoDCBnlnitwI  eoLutJon 

17  Solution  of  i«k»Ut 

18  While  of  nn     . 

18  DiitiUed  »-t,r   . 

horus 

„f,.,g«r 

88 

ns 

ai 
i;a 

21 
17 

ij; 
ifi 
la 
la 

12 

12 
11 

n 

11         1 

'liquids  are  given.  The  source  of  heat  was  an  Argaod 
'lamp,  fiimiahed  with  a  glass  chimney,  and  the  liquids  were 
enclosed  in  a  cell  with  glass  sides,  the  thickness  of  the 
rUqiiid  layer  being  9'21  millimetres,  or  0'36  of  an  inch. 
Liquids  are  here  shown  to  be  as  diverse  to  their  powers 
of  transmission  as  solids ;  and  it  is  also  worthy  of  remark, 
I  that  water  maintains  its  position  as  regards  opacity,  not- 
withstanding the  change  in  its  state  of  aggregation. 

(-■154)  The  reciprocity,  which  we  have  already  demon- 
r'ttrnted  between  radiation  and  alisorption,  in  the  case  of 
'inelals,  varnishes,  &c.,  may  now  lie  extended  to  the  bodies 
'Contained  in  Melloui's  tables.     One  or  two  illustrations. 
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borrowed  from  an  extremely  suf^gestive  memoir  liy  Mr. 
Balfotir  Stewart,  will  be  sufficient.  In  this  copper  veepel 
water  is  kept  in  a  state  of  gentle  ebullition.  On  tbe  flat 
copper  lid  of  the  vessel  are  laid  plates  of  glass  and  of 
rocksalt,  until  they  assume  tbe  temperature  of  the  lid. 
When  the  pkte  of  heated  rocksalt  is  iiied  upon  a  stand, 
in  front  of  the  thermo-electric  pile,  the  deflection  prodiioeil 
is  so  small  as  to  be  scarcely  Gensible.  Removing  the  rock- 
salt,  I  put  in  its  place  a  plate  of  heated  glass;  tbe  needle 
moves  through  a  large  arc,  thus  conclusively  showing 
that  the  glass,  which  is  tbe  more  powerful  absorber  of 
obscure  beat,  is  also  the  more  powerful  radiator.  Alum, 
unfortunately,  melts  at  a  temperature  lower  than  that 
here  made  use  of;  but  though  its  temperature  is  not  so 
high  as  that  of  the  glass,  you  can  see  that  it  transcendt^ 
the  glass  as  a  radiator;  the  action  on  the  galvanometer  is 
still  more  energetic  than  in  tbe  last  experiment. 

(355)  Absorption  takes  place  within  the  absorbing 
body ;  a  certain  thickness  lieing  requisite  to  eflect  the 
absorption.  This  is  tnie  of  both  light  and  radiant  heat. 
A  very  thin  stratum  of  pale  ale  is  almost  as  colourless  as  a 
stratum  of  water,  the  absorpti<m  being  too  inconaiderablc 
to  produce  the  decided  tint  which  larger  masses  of  the 
ale  exhibit.  When  distilled  water  is  poured  into  a  drinking 
gliiss,  it  exhibits  no  trace  of  colour;  hut  an  experiment  i6 


here  arranged  which  will  show  you  that  this  pellucid 
liquid,  in  sufficient  thicknetss,  has  a  very  decided  colour. 
This  tube  A  B  (fig.  83),  fifteen  feet  long,  is   placed   hori- 
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gevBtally,  its  ends  beiug  stopped  by  pieces  of  plate  gla^s. 
^t  one  eiul  of  the  tube  stands  an  electric  lamp,  L,  from 
jlfliich  a  cylinder  of  light  will  be  sent  through  the  tube, 
■-^t  JB  now  half  filled  with  water,  the  upper  surface  of 
which  cutrt  the  tube  in  two  equal  parts  horizontally. 
Thus,  half  of  the  beam  is  sent  through  air,  and  half 
ithrough  water,  and  with  this  leus,  c,  a  magnilied  image  of 
tile  »djacent  end  of  the  tube  is  projected  on  the  screen. 
You  unw  see  the  image,  0  P,  composed  of  two  oeinicircles. 
pne  of  which  in  formed  by  the  liglit  which  has  passed 
tbrongh  the  water,  the  other  the  light  which  has  passed 
through  the  air.  Placed  thus,  side  by  side,  you  can 
compare  them,  and  you  notice  that  while  the  air  senii- 
oircle  is  a  puri;  whitv,  the  water  semicircle  in  n  bright  and 
delicate  blue-green.  Thus,  by  augmenting  the  thicknesn 
through  which  the  light  has  to  pass,  we  deepen  the  colour ; 
this  proves  that  the  destruction  of  the  light  rays  takes 
place  within  the  absorbing  body,  and  that  it  is  not  an 
effect  of  surface  merely. 

(3o6)  Mellon)  shows  the  same  to  he  true  of  radiant  heat. 
Inhisexperiments,  already  recorded  at  page  281,  the  thick- 
ness of  the  plates  used  was  2'6  millimetres,  but  by  render- 
ing the  plate  thinner,  we  enable  a  greater  quantity  of  boat 
to  get  through  it,  and  by  rendering  a  very  opaque  sub- 
stance sufficiently  thin,  we  may  almost  reach  the  tran^mis- 
Kion  of  rocksalt.  The  following  table  shows  the  influence 
of  thickness  on  the  transinisxive  power  of  a  plate  of  glaas. 


Thirta«irf     :                                       D(.l«toWia-llttl™ 

OwpperMtlWC 

D<>fp«UllW°C. 

■1-r.                 M        '        a* 

>i'J>                      M           1           17 
;         "-07                  71          1         67 

s 

u 

1        1 
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(357)  Thus,  we  see  that  by  liiminishing  the  thickness 
iif  the  plate  from  2"6  to  0-07  millimetres,  the  quantity  of 
heat  transmitted  riaes,  in  the  case  of  the  lamp  of  Locatelli, 
from  39  to  77  per  cent. :  in  the  case  of  the  incatideacent 
platinum,  from  24  to  57  per  cent,;  in  the  case  of  copper 
at  400°  C,  from  6  to  34  per  cent. ;  and  in  the  case  of 
copper  at  100°  C,  from  absolnte  opacity  to  a  transmission 
of  12  per  cent. 

(358)  The  influence  of  the  thickness  of  a  plate  of 
selenite  on  the  quantity  of  heat  whicii  it  transmits,  is 
exhihited  in  the  following  table  : — 


Thloknenof 

of  tlK  UUl  B><U>tloti                             *    .flH 

iMBUtUiUap 

Copi»ria40«CC.Copp««l(to»C. 

PlatlnDia 

2-8 

0-4 
0-Ul 

14 
38 
64 

n 

fii 

0 

7 
32 
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These  experiments  prove  conclusively  that  the  absorption 
of  heat  takes  place  within  the  liudy,  and  is  not  a  surface 
action. 

(359)  The  decomposition  of  the  solar  heara  produces  the 
solar  spectrum ;  luminous  in  the  centre,  calorific  at  one  end, 
and  chemical  at  the  other.  The  sun  is,  therefore,  a  source 
of  heterogeneous  rays,  and  there  can  scarcely  be  a  doubt 
tliat  most  other  sources  of  heat,  luminous  and  obscure,  par- 
take of  this  heterogeneity.  In  general,  when  such  mixed 
rays  enter  a  iliatherraie  substance,  some  are  intercepted, 
others  permitted  to  pass.  Supposing,  then,  that  we  take  a 
sheaf  of  calorific  rays,  which  have  already  passed  through 
a  diathermic  plate,  and  permit  them  to  fall  upon  a  second 
plate  of  the  same  material,  the  transparency  of  this  second 
plate  to  the  heat  incident  upon  it,  must  be  greater  thau 


the  transparency  of  the  Jirst  plate  to  the  heat  incident  on 
it.  The  first  plate,  if  aiiffieiently  thick,  has  already  ex- 
tinguished, in  great  part,  the  raya  which  the  substance  is 
capable  of  absorbing ;  and  the  residnal  rays,  as  a  matter 
of  course,  pans  freely  through  a  second  plate  of  the  same 
sulistance.  The  original  beam  is  sifted  by  the  first  plate, 
luiH  the  purified  beam  possesses,  for  the  same  substance, 
11  higher  penetrative  power  than  the  original  beam. 

(360)  This  power  of  penetration  has  usually  been  taken 
as  a  test  of  the  qiialUi/  of  heat ;  the  heat  of  the  purified 
lieam  is  said  to  be  different  in  quality  from  that  of  tbe 
uiipui'ified  beam.  It  is  not,  however,  that  any  iodividual 
ray  or  wave  has  changed  its  character,  hut  that  from  the 
iieam,  as  a  whole,  certain  components  have  been  with- 
drawn ;  and  that  this  withdrawal  has  altered  the  propor- 
tion of  the  incident  heat  transmitted  by  a  second  substance. 
This  is  the  true  meaning  of  the  term  'quality,'  as  applied 
to  radiant  heat.  In  the  path  of  the  beam  from  a  lamp, 
let  plates  of  rocksali,  alum,  bichromate  of  potash,  and 
ttelenite  he  successively  placed,  each  plate  2*6  millimetres 
in  thickness ;  let  the  beat  emerjjent  from  these  respective 
plates  fall  upon  a  second  series,  of  the  same  thickness; 
out  of  every  hundred  units  of  this  heat,  the  following  pro- 


Rorkwli  . 

Clirotnnte  of  potAili  , 
SolBDitc   . 


(361)  Referring  to  the  table,  p.  281,  we  find,  that  of 
thf  whole  heat  emitted  by  the  Locatclli  lamp,  only  34 
per  cent,  is  transmitted  by  the  cbromate  of  potash;  here 
we  find  the  percentage  71.  Of  the  entire  radiation,  sele- 
nite  transmits  only  14  per  cent.,  but  of  the  beam  which 
has  been  purified  bv  a  plate  of  its  own  substance,  it  trans- 
cent.     The  same  remark  applies  to  the  alum. 
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which  traDsmits  only  9  per  cent,  of  tlie  unpurilied  beam, 
and  J)0  per  cent,  of  the  purified  beam.  In  rocksalt,  ou 
the  contrary,  the  traasmissions  of  the  i<if^ed  and  unsifted 
beam  ure  the  same,  l)ecaUEe  the  substance  is  senablv 
L-qually  transparent  to  rays  of  all  the  qualities  here  em- 
ployed. In  these  eases,  I  have  supposed  the  bt-Am 
emergent  from  rocksalt  to  pass  through  rocksalt ;  the 
beam  emergent  from  alum  to  pass  through  alum,  and  so 
of  the  others;  but,  as  might  be  expected,  the  sifting  of 
the  beam  by  any  substance,  will  alter  the  proportion  in 
which  it  will  be  transmitted  by  almost  any  other  second 
substance. 

(.SC2)  I  will  conclude  these  observations  with  an  ex- 
periment, which  will  show  yon  the  inHiience  of  sifting,  in 
a  very  striking  manner.  Here  is  a  sensitive  differential 
air-thermometer  with  a  clean  glass  bulb.  The  slightest 
touch  of  my  liand  causes  a  depression  of  the  thermometric 
robimn.  Let  us  now  converge  the  powerful  beam  of  our 
electric  lamp  on  the  bulh  of  that  thermometer.  The  fociin 
falls  directly  on  the  bulb,  and  the  air  within  it  is  traversed 
by  a  beam  of  intense  power ;  but  not  the  Rlightest  depres- 
sion of  the  thermometric  column  is  discernible.  When 
Ibis  experiment  was  tirst  shown  to  a  person  here  present, 
he  almost  doubted  the  evidence  of  his  senses;  but  the 
explanation  is  simple.  The  beam,  before  it  reaches  the 
bulb,  is  already  sifted  by  the  glass  lens  used  to  concentrate 
it;  and  having  passed  through  li  or  14  feet  of  air,  it 
contains  no  constituent,  which  can  be  sensibly  absorbed  by 
the  air  within  the  bulb.  Hence,  tlie  hot  beam  passes 
through  both  air  and  glnss,  without  warming  either.  It  is 
competent)  however,  to  warm  the  thermo-electric  pile, 
whose  exposure  to  it,  for  a  single  instant,  suffices  to  drive 
the  needle  violently  aside.  I  now  coat  with  lampblack 
the  portion  of  the  glass  bulb  struck  by  the  beam;  you 
see  the  effect ;  the  heat  is  now  abBorl)ed,  the  air  expands, 
and  the  thermometric  column  is  forcibly  depressed. 
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(363)  We  use  glass  fire-screens,  which  ftllow  the  plea- 
sant light  oi'  the  fire  to  pasa,  whiie  they  cut  off  the  heat ; 
the  reason  is,  that  by  far  the  greater  part  of  the  heat 
emitted  hy  a  tire  is  obuciire,  and  to  thiti  the  glasH  is  opaque. 
But  Id  no  cose  is  there  any  loss.  The  heat  absorbed  by 
the  glasH  warms  it ;  the  motion  of  the  ethereal  waves 
Ls  here  transferred  to  the   mt>lecule8   of  the  solid  body. 


But  you  may  be  iuclined  to  urge,  that,  uoder  these  cir- 
cumstances, the  glass  itself  ought  to  become  a.  source 
of  heat,  and  that,  therefore,  we  ought  to  derive  no  benefit 
from  the  absorptiou.  The  fact  is  so,  but  the  conclusion  is 
unwarranted.  The  philosophy  of  the  screen  is  this: — 
I,et  F  (fig.  84)  be  a  point  of  a  fire,  from  which  the  rays 
proceed  in  straight  lines,  towards  a  person  at  p.  Before 
the  screen  ia  introduced,  each  ray  pursues  its  course  direct 
to  P ;  brit  now  let  a  screen  be  placed  at  s.  The  screen 
intercepts  the  heat,  and  becomes  wanned  ;  but  instead  of 
sending  on  the  rays  in  their  original  direction  only,  it,  as  a 
warm  body,  emits  them  in  all  direclluiis.  Hence,  it  can- 
not transmit  to  the  person  at  p  all  the  heat  intercepted. 
A  portion  of  the  heat  is  restored,  but  by  far  the  greater 
part  is  diverted  from  p,  and  distributed  in  other  direc- 
tions. 

(364)  Where  the  waves  porsue  their  way  unabsorbed, 
DO  motion  of  heat  is  imparted,  as  we  have  seen  in  the 


case  of  the  air  tbermometer.  A  joint  of  meat  might  be 
roasted  before  a  fire,  the  air  arouud  the  joint  being  coltl 
as  ice.  Tlie  air  on  high  mountains  may  be  intenBeiy  cold, 
while  a  bumiug  sun  is  over  head;  the  solar  rays  which, 
striiting  on  the  human  akin,  are  almost  intolerable,  are 
incompetent  to  heat  the  air  sensibly,  and  we  have  only  to 
withdraw  into  perfect  shade,  to  feel  the  chill  of  the  atmo- 
sphere. I  never,  on  any  occasion,  suffered  so  much  from 
solar  heat,  as  in  descending  from  the  '  Corridor '  to  the 
Grand  Plateau  of  Mont  Blanc,  on  August  13,  1857; 
though  my  companion  and  myself  were  at  the  time  hip 
deep  in  snow,  the  buu  blazed  against  ub  with  unendurable 
power.  Immersion  in  the  shadow  of  the  Dome  du  Gout^ 
at  once  changed  my  feelings;  for  here  the  air  was  at  a 
freezing  temperature.  It  was  not,  however,  sensibly  colder 
than  the  air  through  which  the  sunbeams  passed:  and  we 
suffered,  not  from  the  contact  of  hot  air,  but  from  radiiLot 
heat,  which  had  reached  «s  through  an  icy  cold  medium. 

(365)  The  beams  of  the  sun  penetrate  glass  without 
sensibly  heating  it ;  the  reason  is,  that  having  passed 
through  our  atmosphere,  the  heat  has  been  in  a  great 
measure  deprived  of  those  constituents  liable  to  be 
ahaorbed  by  glass.  An  experiment  was  made  on  a  former 
occasion,  which  you  will  now  completely  understand.  A 
beam  was  sent  from  the  electric  lamp  through  a  plate  of  ice, 
without  melting  it.  The  beam  had  been  previously  aifted 
by  sending  it  through  a  vessel  of  water,  in  which  the  beat, 
capable  of  being  absorI>ed  by  the  ice,  was  lodged,  and 
lodged  so  copiously,  that  the  water  was  raised  almost  to  the 
boiling  point  during  the  experiment.  It  is  here  worthy 
of  remark,  that  the  liquid  water  and  the  solid  ice  appear 
to  be  pervious  and  irapemous  to  the  same  rays ;  the  one 
may  1»  used  as  a  sieve  for  the  other:  a  result  which  in- 
dicates that  the  quality  of  the  absorption  is  not  influenced, 
■  case,  by  the  difference  of  aggregation.     It   is 
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to  prove,  that  the  beam  which  has  traversed  ice  without 
meUtiig  U,  is  really  n  calorific  beam.  Allowing  it  to  fall 
upon  our  thermo-electric  pile,  it  causes  the  needle  to  move 
with  energy  to  its  stops. 

(366)  When  the  calorific  waves  are  intercepted,  they, 
as  a  general  nile,  ratBS  the  temperature  of  the  body  by 
which  they  are  absorbed;  but  when  the  abi^orbing  body  is 
jee,  at  a  temperature  of  32°  Fahr.,  it  is  impossible  to  raise 
its  temperature.  How,  then,  does  the  heat  absorhed  by 
the  ice  employ  itself  ?  It  produces  iuternal  liquefaction, 
it  takes  down  the  crystalline  atoms,  and  thus  forms  those 
lovely  liquid  flowers  shown  tn  you  on  a  former  occasion. 

(367)  We  have  seen  that  transparency  is  not  at  all  a 
test  of  diatheiinancy ;  that  a  body,  highly  transparent  to 
the  luminous  undulations,  may  be  hlrjhly  opaque  to  the 
non-luminous  ones.  A  body  may,  ax  we  have  seen,  be  ab- 
Folutely  opaque  to  light,  and  still,  in  aconsiderable  degree, 
transparent  to  heat.  Here  is  another  example  of  the  same 
kind.  The  convergent  beam  of  the  electric  lamp  now  mnrfcs 
its  course  through  the  dust  of  the  room  :  you  see  the  point 
of  convergence  of  the  beam,  at  a  dintaoce  of  fifteen  feet 
from  the  lamp.  Let  us  mark  that  point  accurately.  This 
plate  of  rocksalt  is  coated  bo  thickly  with  soot  that  the 
light,  not  only  of  every  gas  lamp  in  this  room,  but  the 
electric  light  itaelf,  is  cut  off  by  it.  When  this  plate  of 
Rinoked  salt  h  placed  in  the  path  of  the  beam,  the  light 
is  intercepted,  but  the  mark  enables  me  to  find  the 
place  where  the  focus  fell.  I  place  the  pile  at  this 
focus;  you  see  no  beam  falling  on  it,  but  the  violent 
action  of  the  needle  instantly  reveals  to  the  mind'a  eye  a 
focus  of  heat,  at  the  point  from  which  the  light  hae  been 
withdrawn. 

(36S)  You  might,  perhaps,  be  disposed  to  think  that  the 
heat  falling  on  the  pile  baa  >>eeji  first  absorbed  by  the  soot, 
an*l  then  railiated  from  it,  as  from  an  iod'>"«"deot  source. 
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Melloni  has  removed  every  objection  of  thia  kind;  but 
none  of  his  esperimeDtH,  I  think,  are  more  conclusive,  as 
a  refutation  of  the  ohjection,  than  that  now  performed 
before  you.  For  if  the  smolied  salt  were  the  source,  the 
rays  could  not  converge  here  to  a  focus,  the  salt  heing 
at  tlvis  side  of  the  converging  lens.  You  also  see,  that 
when  the  pile  is  displaced  a  little,  laterally,  hut  still 
turned  towards  the  snaoked  salt,  the  needle  sinks  to  zero. 
The  beat,  moreover,  falling  on  the  pile,  is,  as  shown  hy 
Melloni,  practically  independent  of  the  position  of  the 
plate  of  rocksaU:  you  may  cut  off  the  beam,  at  a  dis- 
tance of  fifteen  feet  from  the  pile,  or  at  a  distance  of 
one  foot ;  the  result  is  sensibly  the  same,  which  could 
not  be  the  case,  if  the  smoked  salt  itself  were  the  source 
of  heat. 

(369)  When  the  experiment  is  repeated  with  this  black 
glass,  the  result,  as  you  see,  is  the  same.  Now,  the 
glass  refiecte  a  consideratile  portion  of  the  hght  and  heat 
from  the  lamp  ;  when  jjeld  a  little  obliquely  to  the  beam, 
you  can  see  the  reflected  portion.  While  the  glass  is  in 
this  position,  I  will  coat  it  with  an  opaque  layer  of  lamp- 
black, thereby  causing  it  to  absorb,  not  only  all  the  lumi- 
nous rays  which  are  now  entering  it,  but  also  the  portion 
which  it  formerly  reflected.  What  is  the  result  ?  Though 
the  glass  plate  has  become  the  seat  of  augmented  absorp- 
tion, it  has  ceased  to  affect  the  pile,  and  the  needle 
descends  to  zero,  thus  furnishing  additional  proof  that  the 
heat  which,  in  the  first  place,  acted  upon  the  pile,  came 
direct  from  the  lamp,  and  traversed  the  black  glass,  as 
light  traverses  a  transparent  substance. 

(370)  Rocksalt  transmits  all  rays,  luminous  and  obscure; 
alum,  of  the  thickness  already  given,  transmits,  according 
to  Melloni,  onlythe  luminous  rays;"  hence,  the  difference 
between  alum  aud  rocksalt  will  give   the  value  of  the 

*  Wc  shall  !jubtci|iieiit]j  learn  ihat  ihja  is  ui  e 
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obscure  radiation.  Tested  in  this  wav,  Melloni  finds  the 
following  proportions  of  luminous  to  obscure  rays,  for  the 
three  sources  mentioned : — 


Source 

Luminoas 

Obscure 

Flame  of  oil  . 

.       10 

90 

Incandescent  platinum    . 

2 

98 

Flame  of  alcohol    . 

1 

99 

Thus,  of  the  heat  radiated  from  the  flame  of  oil,  90  per 
cent,  is  due  to  obscure  rays ;  of  the  heat  radiated  from 
incandescent  platinum,  98  per  cent,  is  due  to  obscure 
rays ;  while  of  the  heat  radiated  from  the  flame  of  alcohol, 
fully  99  per  cent,  is  due  to  obscure  radiation. 


transparency  to  heat,  of  solid  and  liquid 
bodies;  and  learned,  that  closely  as  the  atoms  of  such 
bodies  are  packed  together,  the  interstitial  spaces  between 
the  atoms  afford  free  play  and  passage  to  the  ethereal 
undulations,  which  are  in  many  cases  transmitted  without 
sensible  hindrance  among  the  atoms.  In  other 
however,  we  found  that  the  molecules  stopped  the  wavea 
of  heat  which  impinged  upon  them ;  but  that  in  so  doing, 
they  themselves  became  centres  of  motion.  Thus  we 
learned,  that  while  perfectly  diathermic  bodies  allowed 
the  heat  undulations  to  pass  through  them,  without 
Buffering  any  change  of  temperature,  those  bodies  which 
stopped  the  calorific  flux  became  heated  by  the  absorption. 
Through  ice  itself  we  sent  a  powerful  calorific  beam  ;  but 
because  the  beam  was  of  such  a  quality  as  not  to  be  inter- 
cepted by  the  ice,  it  passed  through  this  highly  sensitiye 
substance  without  melting  it.  We  have  now  to  deal  with 
nuseouB  bodies;  aud  here  the  interatomic  spaces  are  so 
i  augmented,  the  molecules  arc  so  completely  '■eh 
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from  all  mutual  entaDglemeat,  that  we  nhould  be  almoBt 
justified  in  concluding  that  gases  and  vapuurs  ftirnUh  a 
perfectiy  open  door  for  the  passage  of  the  calorific  wavee. 
This,  indeed,  until  quite  recently,  was  the  universal  belief; 
and  the  conclusion  waa  verified  by  such  experiments  as  had 
been  made  on  atmospheric  air,  which  was  found  to  give  no 
evidence  of  absorption. 

(372)  But  each  succeeding  year  augments  our  experi- 
mental power:  the  invention  of  improved  methods,  en- 
abling us  to  renew  our  enquiries,  with  increased  chances 
of  BucceRS.  Let  us,  then,  test  once  more  the  diather- 
mancy of  atmospheric  air.  We  may  make  a  preliminary 
essay  in  the  following  way :  We  have  here  a  hollow  tin 
cylinder,  a  d  (fig.  S5),  4  feet  long,  and  nearly  3  inches 
in  diameter,  through  which  we  may  send  our  calorific 
beam.  We  must,  however,  be  able  to  compare  the  pas- 
sage of  the  heat  through  the  air  with  itu  passage  through 
a  vacuum,  and  hence  we  must  have  some  means  of 
stopping  the  ends  of  our  cylinder,  so  as  to  he  able  to 
exhaust  it.  Here  we  encounter  our  first  experimental 
difficulty.  As  a  general  rule,  obscure  heat  is  more  greedily 
absorbed  than  luminous  heat,  and  as  our  object  is  to  make 
the  absorption  of  a  highly  diathermic  body  Rensible,  we  ore 
most  likely  to  effect  this  object  by  employing  the  radiatioD 
from  an  obscure  source. 

(373)  Our  tube,  therefore,  must  he  stopped  by  a  sub- 
stance which  permits  of  the  free  passage  of  such  heat. 
Shall  we  use  glass  for  the  purpose?  An  inspection  of  the 
table  at  page  281  shows  us,  that  for  such  heat  plates  of 
glass  would  be  perfectly  opaque ;  we  might  as  well  stop 
our  tubes  with  plates  of  metal.  Observe  here  how  one 
investigator's  results  are  turned  to  account  by  another ; — 
how  science  grows  by  the  continual  degradation  of  ends  Hi 
means.  Had  not  IMelloni  discovered  the  diathermic  pro- 
perties of  rocksatt,  we  should  now  be  utteily  at  a  loss. 
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For  a  time,  however,  tbe  difficulty  of  obtaining  plates  of 
suit  sufficiently  large  and  pure  to  stop  the  ends  of  my  tube 
was  extreme.  But  a  scientific  worker,  if  his  wants  are  made 
known,  does  not  long  lack  help ;  and,  thanks  to  such 
friendly  aid,  I  have  here  plates  of  this  precious  substance. 


which,  by 
tight  on 
stopcocks 


means  of  the  caps  A  and  B,  can  be  screwed  air* 
to  the  ends  of  my  cylinder.*  You  observe  two 
attached  to  the  cylinder.     One  of  them,  c,  is 


*  At  a  time  when  I  wrh  grtntlv  in  npe<l  of  n  Bupplj  of  rockBnlt,  I  «tat«d 
my  Tranls  in  tlie 'Philoaojihiciil  Mngnzino.' und  met  wilh  an  immeiliate  re- 
BponsH  from  Sir  John  Horschpl.  Ha  nent  me  b  block  of  suit,  accompanied 
by  a.  note,  from  wbicli.  nn  it  refprs  to  the  purpnsc  for  vhich  the  rait  ma 
originally  d«iigned,  I  trill  mnkc  an  eitract.  I  am  alw>  greatly  indebted 
to  Dr.  Szabo.  the  Hungnrian  Commission cr  to  tbe  lateraationiLl  Exhibition 
of  tSSS.bjwhom  I  hsTe  been  raised  to  i:amparntiTe  opulence,  na  ivgardalJie 
poarossion  of  KKknlt.  To  tbe  Meaiirs.  Fletcher  of  North'wich,  and  Co  Mr. 
Corbett  of  BromfgraTe,  my  bent  thanka  are  also  due  for  their  ready  kind  nan. 

To  these  arknowledgments  I  haye  row  to  ndd  my  respectful  thanks  to  the 
poTernment  of  Wfirtemburg,  for  the  splendid  block  of  mlt  placed  in  their 
department  in  (he  late  Paris  Eihibilion. 

Hero  follows  the  eitiact  from  Sir  J.  HenKhel's  note ; — '  Aflor  tbe  ptibli- 
catioD  of  my  paper  ia  tbe  Pbil.  Trnna.  1 B40.  I  was  very  deeiroUH  lo  disen- 
f!Hge  myself  from  the  Influence  of  glnsa  prisms  and  lenvos.  and  ancortain,  if 
possible,  wbflther  in  renlity  my  inaalaled  heat  spots  $yBi  in  the  eppctrom 
were  of  solar  or  terrestrial  origin.  Rockaalt  was  the  obrioua  resoorce. 
nad  after  many  and  fraitleas  endeaTOnra  to  obtain  BnfBcienl.ly  largp  and 
pure  gpeoimens,  iho  lalo  Dr.  Somerrille  was  po  good  sfl  lo  send  me  (aa  I  nn- 
dpralood  from  a  friend  in  Cheshi™)  the  rerr  liiip  Ijlock  which  I  now  forward. 
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connected  with  HD  air-pump,  by  which  the  tube  can  he 
exhausted;  while  through  the  other  one,  c',  air,  or  any 
other  gas,  can  be  allowed  to  ent^r  the  tube. 

(374)  At  one  end  of  the  cylinder  is  placed  a  Leslie's 
cube  c,  containing  boiling  water,  and  coated  with  lamp- 
black, to  augment  its  power  of  radiation.  At  the  other 
end  of  the  cylinder  stands  our  thermo-electric  pile,  from 
which  wires  lead  to  the  galvanometer.  Between  the  end 
B  of  the  cylinder  and  the  cube  c,  is  introduced  a  tin 
screen,  T,  which,  when  withdrawn,  will  allow  the  calorific 
rays  to  pass  from  c  through  the  tube  to  the  pile.  We  first 
exhaust  the  cylinder,  then  draw  the  screen  a  little  aside, 
and  now  the  rays  are  traversing  a  vacuum  and  falling  upon 
the  pile.  The  tin  screen,  you  observe,  is  only  partially 
withdrawn,  and  the  steady  deflection,  produced  by  the  heat 
at  present  transmitted,  is  .10  degrees. 

(375)  Let  us  now  admit  dry  air;  we  can  do  so  by  means 
of  the  cock  c',  from  which  a  piece  of  flexible  tubing  leads 
to  the  bent  tubes  r,  r',  the  use  of  which  shall  be  now  ex- 
plained. The  tube  n  is  filled  with  fragments  of  pumice  stone, 
moistened  with  a  solution  of  caustic  potash ;  it  is  employed 
to  withdraw  whatever  carbonic  acid  may  be  contained  in  the 
air.  The  tube  u'  is  filled  with  fragments  of  pumice  stone, 
moii^ned  with  sulphuric  acid ;  it  is  intended  to  absorb 


It  in.  faowcTer,  mndl  enu<k»d,  bnt  I  harp  no  doubt  pinva  Ur^  raosKh  for 
Ipnueii  snd  prismB  (sBpecittUy  if  Mmpnted  togelluT)  migbt  bf  got  from  it, 

'  Bill  I  wHH  not  pr"p«u«d  for  the  working  of  it — eTidfnUv  a  Teiy  delicMM 
and  diffimk  proccim  (I  pinpoant  to  dtMoliK  nit  Ihe  corDora.  &e.,  and.  a«  it 
»mi.  lici  it  into  ahapol,  and  ihon^  1  haro  ncrsr  qgita  loat  li^l  of  tho 
mntlor.  I  hsTe  not  jel  b««ii  ablo  lo  da  aajrllutig  with  it ;  neanirhilu.  I  put 
it  hy.  Od  lookin)r  at  it  a  yrar  or  two  aflrr.  1  wiu  dinmajnl  to  fliid  it  luul 
lost  miirh  by  dpliqaestenpo.  Accordingly,  I  pottnl  it  Op  in  snlt  in  iin 
rarthrn  disb,  willi  iroD  rim,  and  plai.'ed  it  on  an  upper  ahalf  in  a  room  with 
an  Amolt  itnr*.  where  it  baa  rrmsiaed  ever  aioc». 

'  Ifyon  nhnuld  find  it  of  any  age.  I  would  aak  you,  if  poaaibli-.  to  rep<«t 
my  eiperiTnfnt  as  dparriWd.  and  srttle  that  point,  which  has  alway*  ttraA 
Bic  B9  a  Tory  importaol  one,' 
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the  aqueoiia  vapour  of  tbe  air.  Thus,  the  air  reaches  the 
cylinder  deprived  both  of  its  aqueous  vapour  and  its  ear- 
bouic  acid.  It  is  now  entering,  —  the  mercury  gauge 
of  the  pump  is  descending,  and,  as  it  enters,  you  will 
observe  the  needle.  If  the  entrance  of  the  air  diminish 
the  radiation  through  tbe  cylinder — if  air  be  a  substance 
which  is  competent  to  intercept  the  waves  of  ether 
iu  any  sensible  degree- — this  will  be  declared  by  the 
diminished  deflection  of  the  galvanometer.  The  tube 
IB  now  full,  but  you  see  no  change  in  the  position  of 
the  needle,  nor  could  you  see  any  change,  even  if  you 
were  close  to  the  instrument.  The  air  thus  examined 
seems  as  transparent  to  radiant  heat  as  the  vacuum  itself. 

(376)  By  changing  the  screen  we  can  alter  tbe  amount 
of  heat  falling  upon  the  pile ;  thus,  by  gradually  withdraw- 
ing it,  the  needle  can  be  caused  to  stand  at  40°,  50°,  60°, 
To",  and  80°  in  succession ;  and  while  it  occupies  each 
position,  the  experiment  just  performed  before  you  can 
be  repeated.  In  no  instance  could  you  recognise  the 
slightest  movement  of  tbe  needle.  The  same  is  the  case 
if  the  screen  be  pushed  forward,  so  as  to  reduce  tbe  deflec- 
tion to  20  or  10  degrees. 

(377)  The  experiment  just  made  is  a  question  addressed 
to  Nature,  and  her  silence  might  be  construed  into  a 
negative  reply.  But  a  natural  philosopher  must  not 
lightly  accept  a  negative,  and  I  am  not  sure  that  we  have 
put  our  question  in  the  best  possible  language.  Let  us 
analyse  what  we  have  done,  and  first  consider  tbe  case  of 
our  smallest  deflection  of  10  degrees.  Supposing  that  the 
air  is  iiot  perfectly  diathermic  ;  that  it  really  intercepts  a 
small  portion — say  tbe  thousandth  part  of  tbe  heat  passing 
through  the  tube — that  out  of  every  thousand  I'ays  it 
intercepted  one;  should  we  be  able  to  detect  mis  action!* 
Such  absorption,  if  it  took  place,  would  lower  the  deflec- 
tion the  thousandth  part  of  ten  degrees,  or  the  hundredth 
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part  of  one  degree,  a  diminution  which  it  would  be 
impossible  for  yon  to  see,  even  it'  you  were  close  to  the 
gill  vii  no  meter.*  In  the  case  here  supposed,  tlie  Mai 
quttnt/ti/  of  heat  falling  upon  the  pile  is  so  incoiiaiiler~ 
able,  that  a  snuill  fraction  of  it,  even  if  abaorbe-i,  mi^ht 
well  escape  detection. 

(378)  fiut  we  have  not  confined  ounielves  to  a  email 
cpiantity  of  heat ;  the  result  was  the  uame  when  the  de- 
flection was  80°,  as  when  it  was  10°.  Here  I  must  ask 
you  to  sharpen  your  attention  and  accompany  me,  for  a 
time,  over  rather  difficult  ground.  I  want  now  to  make 
clearly  intelligible  to  you  an  important  peculiarity  of  the 
galvanometer. 

(379)  The  needle  being  at  zero,  let  ua  suppose  a  quan- 
tity of  heat  to  fall  upon  the  pile,  sufficient  to  produce  a 
dt-flectioo  of  one  degree.  Suppose  the  quantity  of  beat 
to  be  afterwards  augmented,  so  as  to  produce  deflections  of 
two  degrees,  three  degrees,  four  degrees,  five  degrees; 
then  the  rjuantities  of  heat  which  produce  these  deflec- 
tions stand  to  each  other  in  the  ratios  of  1:2:3:4:5; 
the  quantity  of  heat  which  produces  a  deflection  of  3' 
being  exactly  five  times  that  which  produces  a  deflection 
of  1°.  But  this  proporttouality  exists  only  so  long  as  the 
deflections  do  not  exceed  a  certain  magnitude.  For,  as  the 
needle  is  drawn  more  and  more  aside  from  zero,  the  current 
actJt  upon  it  at  an  ever  uugmenting  disadvantage.  The 
case  is  illustrated  by  a  sailor  working  a  capstan ;  he 
always  applies  his  strength  at  right  angles  to  the  lever, 
for,  if  he  applied  it  obliquely,  only  a  portion  of  that 
strength  would  be  effective  in  turning  the  capstan  round. 
And  in  the  case  of  our  electric  current,  when  the  needle  is 
very  oblique  to  the  current's  direction,  only  a  portion  of 
its  force  is  effective  in   moving   the   needle.      Tims   it 

■  It  will  le  l-orue  in  mind  diut  I  am  here  speaking  of  galvanomtlnc.  Dot 
of  HcrmiinKtric  degre^B. 
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bappenx,  that  though  the  quantity  of  heat  may  be,  and,  in 
our  case,  is,  accurately  exprenKccJ  hy  the  strength  of  the 
current  which  it  excites,  still  the  larger  deflections,  inae- 
much  aa  they  do  not  give  us  the  action  of  the  whole 
current,  but  only  of  a  part  of  it,  cannot  be  a  true  measure 
of  the  amount  of  heat  falling  upon  the  pile. 

(380)  The  galvanometer  now  before  you  ia  so  con- 
structed, that  the  angles  of  deflection,  up  to  30°  or  there- 
abouts, are  proportional  to  the  ruiantities  of  heat;  the 
quantity  necessary  to  move  the  needle  from  29°  to  30°,  is 
sensibly  the  same  as  that  required  to  remove  it  from  0°  to  1°. 
But  beyond  30°  the  proportionality  ceases.  The  quantity 
of  heat  required  to  move  the  needle  from  40°  to  41°  is 
three  times  that  necessary  to  move  it  from  0°  to  1° ;  to  de- 
flect it  from  50°  to  51°  requires  five  times  the  heat  neces- 
sary to  move  it  from  0°  to  1°;  to  deflect  it  from  60°  to  61° 
requires  about  seven  times  the  heat  necessary  to  move  it 
from  0°  to  1° ;  to  deflect  it  from  70°  to  71°  requires  eleven 

,  while  to  move  it  from  80°  to  81°  requires  more 
than  fifty  limes  the  heat  necessary  to  move  it  from 
0°  to  1°.  Thus,  the  higher  we  go,  the  greater  is  the  quan- 
tity of  heat  represented  by  a  degree  of  deflection ;  the 
reason  being,  that  tlie  force  which  then  moves  the  needle 
is  only  a  fraction  of  the  force  of  the  current  really  circu- 
lating in  the  wire,  and  hence  represents  only  a  fraction 
of  the  heat  falling  upon  the  pile. 

(381)  By  a  process,  to  be  afterwards  described,*  the 
higher  degrees  of  the  galvanometer  can  be  expressed  in 
terms  of  the  lower  ones.  We  thus  learn,  that  while 
deflections  of  10°,  20°,  30°,  respectively,  express  quan- 
tities of  heat  represented  by  the  nitmbera  10,  20,  30, 
a  deflection  of  40°  represents  a  quantity  of  heat  expressed 
by  the  number  47  ;  a  deflection  of  50°  expresses  a  quan- 
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tity  of  heat  expressed  by  the  number  80;  while  tlie  de- 
flections 60°,  70°,  80°,  express  quantities  of  hejit  which 
increase  iu  a  much  more  rapid  ratio  than  the  deflections 
tb  em  set  yes. 

(382)  What  is  the  upahot  of  this  analysis?  It  will 
lead  us  to  a  better  method  of  questioning  Nature.  It 
sugg;est8  the  reflection  that,  when  we  make  our  angles 
small,  the  quantity  of  heat  falling  on  the  pile  is  so  ineon- 
siderable,  that  even  if  a  fraction  of  it  were  absorbed,  it 
might  escape  detection ;  while,  if  we  make  our  deflections 
large,  by  employing  a  powerful  flux  of  beat,  the  needle  is 
in  a  position  from  which  it  would  require  a  considerable 
addition  or  abstraction  of  heat  to  move  it.  Tiie  1,000th 
part  of  the  whole  radiation,  in  the  one  case,  woulil  be  loo 
small,  absolutely,  to  be  measured;  the  1,000th  part  in  the 
other  case  might  be  very  considerable,  without,  however, 
being  considerable  enough  to  affect  the  needle  in  anysensible 
degree.  When,  for  example,  the  deflection  is  over  S0°,  an 
augmentation  or  diminution  of  beat,  equivalent  to  15  or 
20  of  the  lower  degrees  of  the  galvanometer,  woidd  be 
scarcely  sensible. 

(383)  We  are  now  face  to  face  with  our  problem  :  it  la 
this,  to  work  with  a  flux  of  heat  so  large  that  a  small  frac- 
tional part  of  it  will  not  be  inflnitesimal,  and  still  to  keep 
our  needle  in  its  most  sensitive  position.  If  we  can  ac- 
complish this,  we  shall  augment  indefinitely  our  experi- 
mental power.  If  a  fraction  of  the  heat,  however  small, 
be  intercepted  by  the  gas,  we  can  augment  the  absolvte 
viiiue  of  tluit  fraditDi  by  augrnentlntj  tli6  total  of  which 
it  ie  a  fraction. 

(384)  The  problem,  happily,  admits  of  an  effective 
practical  solution.  You  know  that  when  we  allow  heat  to 
fall  upon  tlie  opposite  faces  of  the  ther mo* electric  pile,  the 
curreute generated  neutralise  each  other  more  or  less;  and, 
if  the  quantities  of  heat  falling  upon  the  two  faces  be  per- 
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fectly  equal,  the  neutraliBation  is  complete.  Our  galvano- 
meter needle  is  now  deflected  to  80°  by  the  flux  of  lieat 
passing  through  the  tube ;  I  uncover  the  second  face  of 
the  pile,  which  is  also  fur ni abed  with  a  conical  reflector,  and 
place  a  second  tnbe  of  boiling  water  in  front  of  it;  the 
needle,  as  jou  see,  descends  inBtantlj'. 

(385)  By  means  of  a  proper  adjusting  screen  the  quan- 
tity of  heat  falling  upon  the  posterior  face  of  the  pile  can  be 
so  regulated  that  it  shall  exactly  neutralise  the  heat  incident 
upon  its  other  face:  this  ia  now  effected;  and  the  needle 
points  to  zero, 

(386)  Here,  tlien,  we  have  two  powerful  and  perfectly 
ecjual  HiixeB  of  beat,  falling  upon  the  opposite  faces  of  the 
pile,  one  of  which  passes  through  our  eshanated  cylinder. 
If  air  be  allowed  to  enter  the  cylinder,  nnd  if  this  air  exert 
any  appreciable  action  upon  the  rays  of  heat,  the  equality 
now  esisting  will  be  destroyed;  a  portion  of  the  heat 
passing  through  the  tnbe  being  intercepted  by  the  air,  the 
secouil  source  of  heat  will  triumph ;  the  needle,  now  in  ite 
most  sensitive  position,  will  be  deflected;  and  frora  the 
magnitude  of  the  deflection  we  can  accurately  calculate 
the  absorption, 

(387)  I  have  thus  sketched,  in  rough  outline,  the  ap- 
paratus by  which  our  researches  on  the  relation  of  radinot 
heat  to  gaseoiis  matter  must  be  conducted.  The  uecessftrv 
teats,  are,  however,  at  the  same  time  ko  powerful  and  so 
delicate,  that  a  rough  apparatus  like  that  JTist  descrilied 
would  not  answer  our  piirpose.  But  you  will  now  experi- 
ence no  difficulty  in  comprehending  the  construction  and 
application  of  the  more  perfect  apparatus,  with  which  the 
experiments  on  gaseous  absorption  and  radiation  have  been 
actually  made. 

(388)  Between  e  and  s' (Plate  I.  at  the  end  of  the  book) 
stretches  the  eTperlmeniat  ajlmdfr,  a  hollow  tube  of  brass, 
polished  within;    at   s  and  s'  are  the  plates  of   rocksalt 
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whicli  close  the  cylinder  air-tight;  the  lenji^h  from  5  to  s', 
in  the  experiments  to  be  first  recorded,  is  4  feet.  The 
source  of  heat,  c,  is  a  cube  of  cast  copper,  filled  with  water, 
which  is  kept  continually  boiling  by  the  lamp  l.  Attached 
to  the  cube  c  by  brazing  is  the  short  cylinder  f,  of  the  same 
diameter  as  the  experimental  cylinder,  and  capable  of  being 
connected  air-tight  with  the  latter  at  8.  Thus,  between  the 
source  c  and  the  end  s"  of  the  experimental  tube,  we  have 
the  front  chamber  F,  from  which  the  air  can  be  removed, 
BO  that  the  rays  from  the  source  will  enter  the  cylinder  8  f' 
unsifted  by  air.  To  prevent  the  heat  of  the  source  c  from 
paiising  by  conduction  to  the  plate  at  s,  the  chamber  F  ifl 
caused  to  pass  through  the  vessel  v,  in  which  a  stream 
of  cold  water  continually  circulates,  entering  through  the 
pipe  i  i,  which  dips  to  the  bottom  of  tlie  vessel,  and 
escaping  through  the  waste-pipe  e  e.  The  experimental 
tube  and  the  front  chamber  are  connected,  independently, 
with  the  air-pump  A  a,  so  that  either  of  them  may  be 
exliausted  or  filled,  without  interfering  with  the  other,  I 
may  remark  that,  in  later  arrimgements,  the  experimental 
cyliniler  wa.'^  supported  apart  from  the  pump,  being  con- 
nected with  the  latter  by  a  flexible  tube.  The  tremulous 
motion  of  the  pump,  which  occurred  when  the  conoectiou 
was  rigid,  was  thus  completely  avoided,  p  in  the  thenno- 
eleclric  pile,  placed  on  its  stand  at  the  end  of  the  experi- 
mental cylinder,  and  furnished  with  its  two  conical 
refiectora.  c*  is  the  compeixaating  cube,  used  to  neu- 
tralise the  radiation  from  c;  h  is  the  adjufttltirf  screen, 
which  is  capable  of  an  exceedingly  fine  motion  to  and  fro. 
^  N  is  a  delicate  galvanometer  connected  with  the  pile  P, 
by  the  wires  w  w'.  The  graduated  tube  o  o  (to  the  right 
of  the  plate),  and  the  appendage  u  k  (attached  to  the 
centre  of  the  experimental  tube)  shall  be  referred  to  more 
particularly  by-and-by. 

(.189)  It  would  hardly  sustain  (our  interest,  were  I  to 
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Btate  the  difficulties  which  at  first  beset  the  investigation 
conducted  with  this  apparatus,  or  the  numberless  precau- 
tions, wliich  the  exact  balancing  of  the  two  powerful  sources 
of  heat  here  resorted  to,  rendered  necessary.  I  believe  the 
eiiperiinents,  made  with  atmospheric  air  alone,  might  be 
numbered  by  tena  of  thousands.  Sometimes  for  a  week, 
or  even  for  a  fortnight,  coincident  and  satisfactory  results 
would  be  obtained;  the  strict  conditions  of  accurate  ex- 
perimentingwould  appear  to  he  found,  when  an  additional 
day's  experience  would  destroy  the  superstructure  of  hope, 
and  necessitate  a  recommencement,  under  changed  con- 
ditions, of  the  whole  enquiry.  It  is  this  which  daunts  the 
experimenter;  it  is  this  preliminary  fight  with  the  entan- 
glements of  a  subject,  so  dark,  go  doubtful,  so  uncheering, 
— without  any  knowledge  whether  the  conflict  is  to  lead  to 
anything  worth  possessing,— which  renders  discovery  diffi- 
cult and  rare.  But  tiie  experimenter,  especially  the  youTig 
experimenter,  ought  to  know  that,  as  regards  hia  own 
moral  manhood,  he  cannot  but  win,  if  he  only  contend 
aright.  Even  with  a  negative  result,  the  consciousness 
that  he  haa  gone  fairly  to  the  bottom  of  hia  subject,  as  far 
as  his  means  allowed — the  feeling  that  he  has  not  shunned 
labour,  though  that  labour  may  have  resulted  in  laying 
bare  the  nakedness  of  his  cu^e — reacts  upon  his  own  mind, 
and  gives  it  firmness  for  future  work. 

(390)  But  to  return;— I  first  neglected  atmoapheric 
vapour  and  carbonic  acid  altogether ;  concluding,  as  others 
afterwards  did,  that  the  quantities  of  these  substances 
being  ho  small,  their  eflTect  upon  radiant  heat  must  be  quite 
inappreciable ;  after  a  time,  however,  this  assumption  wafl 
found  to  be  leading  me  quite  astray.     Chloride  of  calcium 

B  first  used  as  a  drying  agent,  but  I  bad  to  abandon  it- 
Pumice  atone,  moistened  with  sulphuric  acid,  was  next  used, 
but  it  also  proved  unsuitable.  I  finally  resorted  to  pure 
)  broken  into  small  fragments,  wetted  with  sulphuric 
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acid,  and  iaserted  by  roeaoa  of  a  funnel  iiito  a  U  tube. 
This  arrangement  was  found  to  be  the  beat,  but  even  here 
tlie  greatest  care  was  needed.  It  was  necessary  to  cover 
each  column  with  a  layer  of  dry  gluss  frogmeats,  for  the 
smallest  particle  of  dust  from  the  cork,  or  a  quantity  of 
sealing  was  not  more  than  the  twentieth  part  of  a  pin's 
head  in  Rize,  was  quite  sufficient,  if  it  reached  the  acid,  to 
vitiate  the  results.  The  drying-tubes,  moreover,  had  to  bt- 
frequently  changed,  as  the  orgauic  matter  of  the  atmo- 
iiphere,  infinitesimal  though  it  was,  after  a  time  introduced 
disturbance. 

(391 )  To  remove  the  carbonic  acid,  pure  Carrara  marble 
was  broken  into  fragments,  wetted  with  caustic  potash,  and 
introduced  iuto  a  U  tube.  These,  then,  are  the  agents 
now  employed  for  drying  the  gas  and  removing  the  car- 
l>onic  acid;  but  previous  to  their  final  adoption,  the  ar- 
rangement shown  in  Plate  I.  was  made  use  of.  The  glass 
lubes  marked  t  r,  each  three  feet  lung,  were  filled  with 
chloride  of  calcium,  after  them  were  placed  two  U  tubes, 
a  z,  filled  with  pumice  stone  and  sulphuric  acid.  Hence, 
the  air,  in  the  first  place,  had  to  pasH  over  18  feet  of 
chloride  of  calcium,  and  afterwards  through  the  sulpbunc 
acid  tubes,  before  entering  the  expeiiniental  tube  »  s'. 
A  gas-holder,  a  a,  was  employed  for  other  giiscs  than 
atmospheric  air.  In  the  investigation  on  which  1  am  at 
present  engaged,  this  arrangement,  as  already  stated,  is 
abandoned,  a  simpler  one  being  found  more  cfTectual. 

(392)  Both  the  front  chamber  r,  and  the  experimental 
tube  £  b'  lieiug  exhaustedj  the  rays  pa#B  from  the 
source  c  through  the  front  chamber;  across  the  plate  of 
rockaalt  at  8,  through  the  experimental  tube,  across  the 
plate  at  s",  afterwards  impinging  upon  the  anterior  surface 
of  the  pile  P.  This  radiation  is  neutralised  by  that  from 
the  compensating  cube  c'.     The  needle,  you  will  observe. 
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is  at  zero.  We  will  commence  our  esperiments  by  apply- 
ing this  severe  test  to  dry  air.  It  is  now  entering  the 
experimental  cylinder;  but  at  your  distance  you  see  do 
motion  of  the  needle,  and  thus  our  more  powerful  mode  of 
experiment  fails  to  detect  ^ny  absorption  on  tbe  part  of  the 
air.  Its  atoms,  apparently,  are  incompetent  to  stop  a  single 
calorific  wave ;  it  is  a  practicnl  vacuuiti,  as  rerjards  the 
raya  of  heat.  Osygen,  hydrogen,  and  nitrogen,  when  care- 
fully purified,  exhibit  the  action  of  atmoapherif  air;  they 
are  sensibly  neutraL 

(393)  Thia  is  tbe  deportment  which  prior  to  the  researches 
now  to  be  described  was  ascribed  to  gases  generally.  Let 
U8  see  whether  rightly  or  not.  This  gasholder  contains 
defiant  gas, — common  coal  gjis  wniilil  also  answer  my  pur- 
pose. The  perfect  transparency  of  this  gas  to  light  is  demon- 
strated by  discharging  it  into  the  air ;  you  see  nothing,  the 
gas  is  not  to  be  distinguished  from  the  air.  The  experi- 
mental tube  is  now  exhausted,  and  the  needle  points  to 
zero.  Observe  the  effect  when  the  olefiant  gas  is  permitted 
to  enter.  The  needle  moves  in  a  moment ;  the  tnmspareDt 
gas  intercepts  the  heat,  like  an  opaque  body — the  final 
and  permanent  deflection,  when  the  tube  is  full  of  gas, 
amounting  to  70°' 

(394)  Let  us  now  interpose  a  metal  screen  between  tbe 
pile  p  and  the  end  s*  of  the  experimental  tube,  thiw 
entirely  cutting  off  the  railiation  through  the  tube.  The 
face  of  the  pile  turned  towards  the  metal  screen  wastes  its 
heat  speedily  by  radiation ;  it  is  now  at  the  temperature  of 
this  room,  and  the  radiation  from  the  cun.pens-ating  cube 
alone  acts  on  the  pile,  producing  a  deflection  of  75°, 
But  at  tbe  commencement  of  the  experi  ment  the  radiations 
from  both  cubes  were  equal ;  hence,  the  deflection  75° 
corresponds  to  the  total  ludlalion  through  the  experimental 
tube,  whon  the  latter  is  exhausted. 

(395)  Talking  as  unit  the  (luantity  of  beat  necessary  fc 
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move  tlie  needle  from  0°  to  1°,  the  ni 
pressed  by  a  deflection  of  75°  is 


mber  nf  iinitw  ex- 


The  number  of  units  expressed  by  a  deflection  of  70°  is 
211. 

Out  of  a  total,  therefore,  of  276,  defiant  gaa  lias  in- 
tercepted 211 ;  that  is,  about  seven-nintlis  of  the  vbole, 
or  about  80  per  cent. 

(396)  Does  it  not  seem  to  you  as  if  an  opaque  layer  liad 
been  suddenly  precipitated  on  our  plat^-s  of  salt,  when  thi'^ 
gas  entered?  The  substance,  however,  depoaits  no  such 
layer.  When  a  current  of  the  dried  gas  is  discharged 
against  a  polished  plate  of  salt,  you  do  not  perceive  the 
slightest  dimness.  The  rocksalt  plates,  moreover,  though 
iieceBsary  for  exact  measurements,  are  not  necessary  to 
show  the  destructive  power  of  this  gas.  Here  is  an  open 
tin  cylinder,  interposed  between  the  pile  and  our  radiating 
source ;  when  olefiant  gas  is  forced  gently  into  the  cylinder 
from  this  gasholder,  you  see  the  needle  fly  up  to  ite  stops. 
Observe  the  smalliiesa  of  the  quantity  of  giis  now  to  be 
employed.  First  cleansing  the  open  tube,  by  forcing  a 
current  of  air  through  it,  and  bringing  the  needle  to  zero : 
[  turn  this  cock  on  and  off,  as  speedily  as  possible,  A 
mere  bubble  of  the  gas  enters  the  tube  in  this  brief  in- 
terval; still  you  see  that  its  presence  causes  the  needle 
to  swing  to  70°.  Let  us  now  abolish  the  open  tube,  and 
leave  nothing  but  the  free  air  between  the  pile  aad 
Hource  from  the  gasometer  I  discharge  olefiant  giia  into 
this  open  space.  You  see  nothing  in  the  air;  but  the 
Hwing  of  the  needle  through  an  arc  of  60°  declares  the 
presence  of  this  invisible  barrier  to  the  calorific  rays. 
I  (397)  Thus,  it  is  shown  tbat  the  ethereal  undulatiomt 
which  glide    among  the    atoms  of  oxygen,  nitrogen,  and 


hydrogen,  witbout  liindraoce,  are  powerfully  intercepted 
by  the  molecules  of  olefiant  gas.  We  shall  fiod  otber 
transparent  gases,  also,  almost  immeasurably  superior  to 
air.  We  can  limit  at  pleasure  the  number  of  the  gafieoua 
atoms,  and  thus  vary  the  amount  of  deetruction  of  the 
ethereal  waves.  Attached  to  the  air-pump  is  a  barometric 
tube,  by  means  of  which  measured  portions  of  the  gas  can 
l>e  admitted.  The  experimental  cylinder  ia  now  exhausted ; 
turning  this  cock  slowly  on,  and  observing  the  mercury 
gauge,  olefiant  gas  enters,  till  the  mercurial  column  has 
been  depressed  an  inch.  I  observe  the  galvanometer, 
and  read  the  deflection.  Determining  thus  the  absorption 
produced  by  one  inch,  another  inch  is  added,  and  the 
absorption  efllected  by  two  inches  of  the  gas  is  deter- 
mined. Proceeding  thus,  we  obtain  for  tensions  from  ]  to 
10  inches  the  following  absorptions  i — 


Olefiant  Gag, 


■i»^ 


(398)  The  uuit  here  used  is  the  amount  of  heat 
when  a  whole  atmosphen-e  of  dried  air  ia  allowed  to  enter 
the  tube.  The  table,  for  example,  shows  that  one  thirtieth 
of  an  atmoBpUcre  of  olefiant  gas  exercises  ninety  times  the 
absorption  of  a  whole  atmosphere  of  air.  The  deflection 
produced  by  the  tubeful  of  dry  air  is  here  taken  to  be  one 
degree:  it  is  probably  less  even  than  this  infiDitesimal,. 
amount. 


u 
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(399)  T!ie  talile  also  i>irorm§  lis  th&t  each  addJtiuual 
inch  of  olefiaot  gaa  produces  less  effect  than  the  preceding 
one.  A  single  inch,  at  the  commencement,  inlercepta  90 
ra;s,  but  a  second  inch  absorbB  onlj  33,  while  the  addition 
of  an  inch,  when  nine  inches  are  already  in  the  tube, 
effecta  the  destruction  of  only  3  rays.  This  is  what  might 
reasonably  be  expected.  The  number  of  rays  emitted  in 
tinite,  and  the  discharge  of  the  first  inch  of  olefiaut  gan 
amongst  them  has  so  thinneil  their  ranks,  that  the  execu- 
tion produced  by  the  second  inch  is  naturally  less  than 
that  of  the  tirsL  This  execution  must  diminish,  as  the 
number  of  rays  capable  of  being  destroyed  by  the  gan 
becomes  less;  until,  finally,  all  absorbable  rays  being 
removed,  the  residual  beat  passes  through  the  gas  un- 
impeded." 

(400)  But  supposing  the  quantity  of  gas  first  introdiiced 
to  be  so  inconsiderable,  that  the  beat  intercepted  by  it  is 
a  vanishing  quantity,  compared  with  the  total  amount,  we 
might  then  reasonably  expect  that,  for  some  time  at  least, 
the  quantity  of  heat  intercepted  would  be  proportional  Ui 
ihe  quantity  of  gas  present.  That  a  double  quantity  of 
gas  would  produce  a  double  effect,  a  treble  quantity  ii 
treble  effect;  or,  in  general  terms,  that  the  absorption 
would,  for  a  time,  be  found  proportional  to  the  density. 

(401)  To  lest  this  idea,  we  will  make  use  of  a  portion 
of  the  apparutus  omitted  iu  tije  general  description,  o  n 
(Plate  I.)  is  n  graduated  glass  tube,  the  end  of  which  dips 
into  the  basin  of  water  n.     The  tube  is  closed  above  by 

*  A  wan  of  olhor  i<tiining  from  n  radinnC  point  in  ^1  <Iin>aioni,  Id  » 
aDifomi  mrdiurD,  nmstilnteit  s  sphninl  ehEll,  vhich  rxpanda  with  tho 
Tclocit;  of  light  or  of  mdiant  heat.  A  rny  of  light,  or  a  ray  of  best,  ia  it 
linp  pfrpcndir^Ur  to  the  wrtc,  and.  in  the  oua  here  Ruppoasd,  the  nyn 
would  be  the  ndii  of  the  aphrripal  *h^.  The  word  '  nj','  bowtTer,  m  aud 
in  The  UxU  to  amid  cirrum locution,  i»  equivalent  to  the  trrm  mil  of  jUu. 
Thua,  ulling  tho  amonnt  of  heat  iDtprerptcd  b;  a  whole  atmosphpre  of  air 
1,  tht  nmounl  inlrrr^rpfcd  \iy  ^h  of  an  atmoiiphcrf  of  olelliial  gu  i«  W. 


Alt 
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ineelDii  of  the  Htopcbck  r;  d  d  is  a  tiibe  containiDg  &i^- 
ments  of  Chloride  of  calcium  which  dries  the  gas.  The 
imhe  o  o  is  first  filled  with  water  tip  to  the  cock  r,  and  the 
water  Is  afterwards  carefully  displaced  by  olefiant  gas, 
introdiiced  in  hubbies  from  below.  The  gas  is  admitted 
into  the  experiDieatal  cylinder  by  the  cock  r,  and  as  it 
etitfers,  the  water  rises  in  oo,each  of  the  divisious  of  which 
repieaents  a  volmne  of  ^th  of  a  cubic  inch.  Siiccepsive 
measures  of  this  capacity  are  permitted  to  enter  tlie  tube, 
and  the  absorption  iu  each  particular  case  is  determined. 

(402)  In  the  following  table,  the  first  column  contains 
the  quantity  of  gas  admitted  into  the  tube ;  the  second 
contains  the  corresponding  absorption;  the  third  column 
contains  the  absorption,  calculated  on  the  supposition  that_ 
it  is  proportional  to  the  density. 

Olfjianf  Oas. 

Ddt-iTiiuiBUro,  jLl],  uf  u  pubic  iiioli. 


(403)  This  table  proves  the  correctness  of  tlie  surniU 
that  when  very  small  quantities  of  the  gas  are  employed, 
ition  is  sensibly  proportional  to  the  density.  But 
p  a  moment  the  tenuity  of  the  gas  with  which 
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we  have  here  operated.  The  volntne  of  our  experimental 
mbe  13  220  cubic  inches;  imagine  ^tU  of  a  cubic  inch  of 
gas  diffused  in  this  space,  and  you  have  the  atmoaphere 
through  which  the  calorific  rays  passed  in  our  first  experi- 
ment. This  atmosphere  possesses  a  pressure  not  exceeding 
^-jipjth  of  that  of  ordinary  air.  It  would  depress  the 
mercurial  column  connecteil  with  the  air-pump  not  more 
than  -jjyth  of  no  English  inch.  Ita  action,  however,  upon 
the  calorific  rays  is  perfectly  measurable,  being  more 
than  twice  tliat  of  a  whole  atmosphere  of  dry  air. 

(404)  But  the  absorptive  energy  of  olefiant  gas,  extra- 
ordinary as  it  is  shown  to  he  by  the  foregoing  experiments, 
is  exceeded  by  that  of  various  vapours,  the  action  of  which 
on  radiant  heat  is  now  to  be  illustrated.  This  glass  flask, 
o  (fig.  86),  is  provided  with  a  brass  cap,  into  which  a  Btoj>- 
cock  can  be  screwed  air-tight.  A  small  quantity  of  sulphuric 
ether  is  poured  iuto  the  fiaxk,  and  by  meiius  of  un  air- 
pump,  the  air  which  fills  the  Qask  above  the  liquid  is  com- 
pletely removed.  I  attach  the  flask  to  the  experimental 
tube,  which  is  now  exhausted — the  needle  point-  f,,,.  aa 
ing  to  zero — and  permit  the  vapour  from  the 
rtiisk  to  enter  it  The  mercury  of  the  gauge 
sinks,  and  when  it  ia  depressed  one  inch,  the  fur- 
ther supply  of  vapour  will  be  stopped.  The 
moment  the  vapour  entered,  the  needle  moved,  | 
and  it  now  points  to  65°.  I  can  add  another 
inch,  and  again  determine  the  absorption ;  a 
third  inch,  and  do  the  enme.  The  absorptions 
effected  by  four  inches,  introduced  in  this  way, 
are  giyen  in  the  following  table.  For  the  sake 
of  comparison,  the  corresponding  absorptions  of  olefiant 
gas  are  placed  in  the  third  column. 
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Sulphuric  Ether. 


1 


(405)  For  these  pressures  the  absorption  of  radiant  heat 
by  the  vapour  of  sulphuric  ether  is  about  two  and  two- 
third   times   the   absorption   by   olefiant  gas.     There   ie, 

)   proportionality   between   the    quantity   of 
vapour  and  the  absorption. 

(406)  But  reflections  similar  to  those  which  we  have 
already  applied  to  olefiant  gaa  are  also  applicable  to  sul- 
phuric ether.  Siippoaing  we  make  onr  unit-measure  f^mall 
enough,  the  number  of  rays  first  destroyed  will  vanish  in 
comparison  with  the  total  number,  and  probably,  for  a 
time,  the  absorption  will  be  directly  proportional  to  the 
density.  To  examine  whether  this  is  the  case,  tlie  other 
portion  of  the  apparatus,  omitted  in  the  general  descrip- 
tion, was  matie  iise  of.  K  (Plate  I.)  is  one  of  the  small 
flasks  already  described,  with  a  brass  cap,  which  is  closely 
screwed  on  to  the  stopcock  c*.  Between  the  cocka  (f  and  c, 
the  latter  of  which  is  connected  with  the  experimental 
tube,  is  the  chamber  M,  the  capacity  of  which  ia  accu- 
rately determined.  The  flask  K  ia  partially  filled  with 
ether,  the  air  above  the  liquid  and  that  disaolved  in  it  being 
removed.  The  tube  s&'and  the  chamberM  being  exhausted, 
the  cock  c  ia  abut  off ;  and  t-'  being  turned  on,  the  chamber 
M  is  filled  with  pure  ether  vapour.  By  turning  <f  off  and 
c  on,  this  quantity  of  vapour  ia  allowed  to  diffuse  itself 
through  the  experimental  tube,  where  its  abaorption  is  de- 
termined ;  successive  measures  are  thus  sent  into  the  tube, 
and  the  effect  produced  by  each  ia  noted. 

(407)  In  the  following  table,  the  nnit-meaaure  made  use 
id  a  volume  of  -,^th  of  a  cubic  ir 
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I'liit.niPMnrf.  ,;„th  of  »  dibic  inch. 


(408)  We  here  find  that  the  proportion  between  density 
and  absorption  holds  sensiblj-  good  for  the  first  eleven 
measures,  after  which  the  deviation  from  proper  Lie  aality 
^adually  augments, 

(409)  No  doubts  for  Bmaller  measiirefl  than  i^tb  of  a 
cnl>ic  iricli,  the  above  law  holda  still  more  rigidly  true ; 
aud  in  a  suitable  locality  it  would  be  ea'<y  to  determine, 
with  perfect  aeciiraey,  -jJ^th  of  the  absorption  produced  by 
the  first  measure;  this  would  correspond  to  -rsW'  "''  " 
cubic  inch  of  vapour.  But,  before  entering  the  tube,  thr 
vapour  hiid  only  the  tension  due  to  the  temperature  of  the 
lalwiratory,  namely  12  inches.  This  would  require  to  be 
multiplied  by  2-li  to  bring  it  up  to  that  of  the  atmoHphere. 
Hence,  the  -pgi^h  of  a  cubic  inch  would,  on  being  diffused 
through  a  tube  possessing  a  capacity  of  220  cubic  inches, 
have  a  pressure  of  j^  >t  iV  '*  roVo  —  J'saVto^*'  °^  *" 
atmosphere.  That  the  action  of  a  rranspiirent  vapour  fi> 
attenuated  upon  radiant  heat  should  be  at  all  measurable 
is  simply  astounding. 

(410)  These  experiments  with    ether  and  olefiant  giu 


St* 
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show  that  not  only  do  gaseous  bodies,  at  the  ordinary  ten- 
sion of  the  atmosphere,  offer  an  impediment  to  the  trans- 
mission  of  radiant  beat ;  not  only  are  the  interstitial  spaces 
of  such  gases  incompetent  to  allow  tbe  ethereal  unihla- 
tioDS  free  passage;  but,  also,  that  their  density  may  be 
reduced  vastly  below  that  which  corresponds  to  the  atmo- 
spheric pressure,  and  still  the  door  thus  opened  is  not  wide 
enough  to  let  the  undulations  through.  There  is  some- 
thing in  the  constitution  of  tbeiudifidual  molecules,  thus 
sparsely  scattered,  which  enables  them  to  destroy  the  calo- 
rific waves.  The  destruction,  however,  is  merely  one  of 
form :  there  is  no  absolute  loss.  Through  dry  air  the  lieat 
riiya  pass  without  sensibly  warming  it;  through  olefianl 
gas  and  ether  vapour  they  cannot  pass  thus  freely;  but 
every  wave  withdrawn  from  the  radiant  beam  produces  its 
equivalent  motion  in  the  body  of  the  absorhing  gas,  and 
raises  its  temperature.  It  is  a  case  of  transference,  not  of 
annihilation. 

(411)  Before  changing  the  source  of  heat  here  made  use 
of,  let  ns  direct  our  attention  for  a  moment  to  the 
action  of  a  few  of  the  permanent  gases  on  radiant  heat. 
To  measure  the  quantities  introduced  into  the  experimental 
tube,  the  mercury  gauge  of  the  air-pump  was  employed. 
Tn  the  case  of  carbonic  oxide,  the  following  absorptioDB 
eorrespond  to  the  pressures  annexed  to  them ;  the  action 
of  a  full  atmosphere  of  air,  assumed  to  produce  a  dcdection 
of  one  degree,  being  taken  as  unity : — 

Carbonic  Oxide. 

Ab»rption 


:r" 

OtaorvaJ 
.     2'S 

Onion  latod 
.     3'S 

1(1 

.     5-6 

.     6-0 

Vf, 

.     HO 

.     76 

a-fi 

.   12'(J 

.   lO'O 
.   13'5 

SO 

,   160 

.  160 

3-6 

.   l-ft 

.   ]7'5 
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Aa  in  former  caaes^  the  third  column  is  calculated  on  th*:: 
assumption  that  the  absorption  is  directly  proportional  to 
thB-  dentdly  of  the  gas ;  and  we  see  that  for  seven  mea? 
sures,  or  up  to  a  pressure  of  3-5  inches,  the  proportionality 
holds  strictly  good.  But  for  large  quantities  this  is  not 
the  case  ;  when,  for  instance,  the  uoit  measure  is  5  inches, 
instead  of  hiilf  an  inch,  we  obtain  the  following  result: — 


Carbonic  acid,  sulphide  of  hydrogen,  nitrous  oxide,  anil 
other  gases,  though  differing  in  the  energy  of  their  absorp- 
tion, and  all  of  them  esceeding  carbonic  oxide,  exhibit, 
when  small  and  large  quantities  are  used,  a  similar  deport- 
ment towards  radiant  heat. 

(412)  Thun,  then,  in  the  case  of  some  gases,  we  6nd  nn 
almost  absolute  incompetence  on  the  part  of  their  atoms 
to  intercept  the  ethereal  waves,  while  the  atoms  of  otbei' 
gases,  struck  by  these  same  undulations,  absorb  their 
motion,  and  become  themselves  centres  of  heat.  We  have 
now  tu  examine  what  gaseous  bodies  are  competent  to  do 
in  this  latter  capacity;  we  have  to  enquire  whether  these 
atoms  and  molecules,  which  can  accept  motion  from  the 
ether  in  such  very  different  degrees,  are  not  also  chanic- 
terised  by  their  competency  to  imparl  motion  to  the  ether 
in  different  degrees ;  or,  to  use  the  common  languago, 
having  learned  something  of  the  power  of  different  gasei*. 
;is  abaorbm-8  of  radiant  heat,  we  have  now  to  enquire  into 
their  capacities  as  radiatars. 

(413)  An  arrangement  is  hi-fore  you  by  means  of 
which  we  can  pursue  this  enquiry,  p  (fig.  8T)  is  the 
thermo-electric  pile  with  its  two  conical  reflectors;  s  is 
:i  double  screen    of  polished  tin  ;  a  is  an  arg»nd  burner. 
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consifiting    of    two    concentric    perforated    rings ;    c  is    a 
iTopper  ball,  which,  during  the  esperimenta,  la  heated  undej 

redness;  while  the  tube  (  t 


the  hot  ball  c  is  placer!  on  the  burner,  it  warma  the  a 
contact  with  it ;  an  ascending  current  is  thus  established, 
which,  to  some  extent,  acts  upon  the  pile.  To  neutralise 
this  action,  a  large  Leslie's  cube,  i,,  filled  with  water,  a  few 
degrees  above  the  air  in  temperature,  is  placed  before  the 
opposite  face  of  the  pile.  The  needle  being  thus  brought 
to  zero,  the  gas  is  forced,  by  a  gentle  water  pressure, 
through  the  orifice.')  of  the  burner;  it  meets  the  ball  C, 
glides  along  its  surface,  and  ascends,  in  a  warm  current, 
in  front  of  the  pile.  The  rays  from  the  heated  gas  iesue 
in  the  direction  of  the  arrows,  against  the  pile,  and  the 
consequent  deSectiou  of  the  galvanometer  neeille  indicates 
the  magnitude  of  the  radiation. 
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(414)  Tbe  results  of  the  experimeute  are  given  in  the 
HPt'ood  column  of  the  following  table  ;  the  numbers  there 
recorded  marking  the  extreme  limit  to  which  the  needle 
awitng.  when  the  rays  from  the  s"*  f»*ll  upon  the  pile:— 


nBdi(lLi>n 

Ait 

li»»iuiibU 

uiuaBibla 

Oxjgen .        . 

„ 

NiliDgoa 

., 

HydrogPD 

Cnrbftoic  oxid.- 

.     llf      ,        . 

Iff0= 

Crbonic  ■<->d 

,     18                . 

160 

Nirrou.  oxidr 

.  as     .      . 

44-(l 

OlofiBDlpu,  . 

.     88       .        . 

aio 

(415)  lu  tbe  Recoud  culumn  of  tignres  are  placed 
the  deflecUoQB  due  to  the  absorption  of  tbe  gases  here 
employed,  at  a  common  tension  of  5  inches.  A  comparison 
of  the  two  columns  shows  us  that  radiation  and  absorption 
go  hand  in  hand :  that  the  molecule  which  is  competent 
to  intercept  a  calorific  beam,  ia  competent,  in  a  propor- 
tionate degree,  to  generate  a  calorific  beam.  That,  in 
short,  a  capacity  to  accept  motion  from  the  ether,  and  to 
impart  motion  to  it,  by  gaseous  bodies,  are  correlative 
properties. 

(416)  And  here,  be  it  remarked,  we  are  relieved  from 
alt  considerations  regarding  tbe  influence  of  cohesion  on 
tbe  results.  In  solids  and  liquids  the  particles  are  more 
or  less  in  thrall,  and  cannot  be  considered  as  individually 
free,  Tbe  difference  in  point  of  nuliative  and  absorptive 
]iower,  bL-tween  alum  and  rocksalt,  for  example,  might  be 
fairly  regarded  as  due  to  their  character  as  aggregates, 
held  together  by  crystallising  force.  But  tbe  difference 
between  oleliant  gas  and  atmospheric  air  cannot  be  ex- 
plained in  this  way ;  it  is  a  difference  dependent  on  the 
individual  molecules  of  these  substaaces;  and  thus, 
our  experiments  with  gneea  and  vapourit  probe  the  ijuestiou 
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liepth  quite  iiuatfiinalile 


ttf  atomic  constitution  to  a 
Molids  and  liquids. 

(417)  I  have  refrained,  tliiia  far,  from  giving  you  asfull 
H  tabular  statement  of  the  absorptive  powers  of  gases  and 
vapours  aa  the  experiinenis  made  with  tlie  apparatiu 
jilready  described  would  enable  nie  to  do ;  knowing  that 
results,  obtained  with  another  apparatus,  were  in  reserve 
which  would  better  illustnite  the  Kubject,  This  second 
arrangement  is  the  same  in  principle  as  the  first;  only 
two  changes  of  importance  being  made  in  it.  The 
first  is  that,  insteml  of  making  a  cube  of  boiling  water  the 
source  of  heat,  a  plate  of  copper  is  employed,  against  which 
a  thin  steady  gas-flame  from  a  Bunsen's  burner  is  caused 
to  play ;  the  heated  plate  forms  the  back  of  our  new  front 
chamber,  which  latter  can  be  exhausted  independently,  tut 
liefore.  The  second  alteration  is  the  substitution  of  a  tube 
of  glass  of  the  same  diameter,  and  2  feet  8  inches  long, 
for  the  tube  of  brass  b  s',  Plate  I.  All  the  other  parts  of 
the  apparatus  remain  as  before.  The  gaaes  were  introduced 
in  the  manner  already  described  into  the  experimental 
tube,  and  from  the  galvanometric  deflection,  consequent 
on  the  entrance  of  each  gas,  its  absorption  was  cal- 
culated. 

(418)  The  following  table  gives  the  relative  absorptioni 
of  several  gases,  at  a  common  pressure  of  one  atmosphere. 
It  may  be  remarked  that  the  differences  between  air  and 
llie  other  gases  would  be  still  greater  if  the  brass  tube  had 
been  employed  ;  but  the  use  of  it  would  have  excliided_ 
the  corrosive  gases  mentioned  in  the  table. 


OxjKPn  . 
Ni'rui,'i!n 
Hydnig«n 
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^H^  OHrboniR  oxi(l>* DO 

^^L  Ourboiiic  ili^iil  .....      SU 

^^r  Nitrons  oiU1<- U6 

^^V  Sulphids  of  hjilm^'n  .390 

^H^  Hanh  f(a» 403 

^M  Sulphurous  ficiti      .....     711) 

OleBMt  giu B70 

Ammonik       .  .  lio.'i  '  - 

(419)  The  moat  powerful  and  delicate  testa  jet  ap- 
plied liave  not  enabled  me  to  establish  a  difference 
between  oxygen,  nitrogen,  hydrogen,  and  air.  The  ab- 
sorption of  these  substances  is  exceedingly  anmll — pro- 
bably even  Bmiiller  than  1  bave  assuiiied  it.  The  more 
perfectly  the  above-named  gases  are  purified,  the  more 
closely  does  their  action  approach  to  that  ul'  a  vacuum. 
And  who  can  say  that  the  best  drying  apparatus  is  perfect  ? 
We  cannot  even  say  that  sulphuric  acid,  however  pure, 
may  not  yield  a  modicum  of  rapour  to  the  gases  passing 
through  it,  and  thus  make  the  absorption  by  those  gases 
appear  greater  than  it  ought  Stopcocks  also  must  b<* 
grease^],  and  hence  may  contribute  an  infinitesimal  im- 
purity to  the  air  passing  through  them.  But  however 
this  may  be,  it  is  certaiu  that  if  any  further  advance 
should  he  made  iu  the  puritication  of  the  more  feebly 
iictiiig  gases,  it  will  only  serve  to  augment  the  enormous 
difiTfrences  of  absorption  here  exhibited. 

(i20)  Ammonia,  at  the  tension  of  an  atmosphere,  exerts 
an  absorption  at  least  l,19d  times  that  of  air.  If  a  metal 
screen  be  interposed  between  the  pile  and  the  experimental 
lube,  tha  needle  will  move  a  little,  but  so  little  that  you 
entirely  fail  to  see  it.  What  does  this  experiment  prove  ? 
It  pioves  that  this  ammonia  which,  within  our  glass  tube, 
is  ns  transparent  to  light  as  the  air  we  breathe,  is  »■. 
opaque  to  the  heat  radiating  from  our  source,  that  the 
addition  of  a  plate  of  metal  liardly  augments  its  opaci^. 
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There  is  indeed  reasou  to  believe  that  this  light  truDsparent 
gas  is  really  as  black,  at  the  present  moment,  to  the 
calorific  rajs,  as  if  the  experimental  tube  were  filled  with 
ink,  pitch,  or  any  other  impervious  substance. 

(421)  With  oxygen,  nitrogen,  hydrogen,  and  air,  the 
action  of  a  whole  atmosphere  is  so  small,  that  it  would 
be  quite  useless  to  attempt  to  determine  the  action  of  a 
fractional  pait  of  an  atmoapheie.  Could  we,  however,  make 
such  a  determination,  the  difference  between  them  and 
the  other  gases  would  come  out  still  more  forcibly  than 
in  the  last  table.  In  the  case  of  the  energetic  gases,  we 
know  that  the  calorific  rays  are  moat  copiously  absorbed 
by  the  portion  of  gas  which  first  enters  the  experimental 
tube;  the  quantities  which  enter  last,  producing,  in  manv 
cases,  a  merely  infinitesimal  effect.  If,  therefore,  instead 
of  comparing  the  gases  at  a  common  pressure  of  one  at- 
,  we  were  to  compare  them  at  a  common  pressure 
of  an  inch,  we  should  doubtless  find  the  difference  between 
the  least  absorbent  and  the  most  absorbent  gases  greatly 
augmented.  We  have  already  lejirued  that  when  the 
absorption  ia  amall  the  quantity  alisorbed  is  proportional 
to  the  amount  of  gas  present.  Assuming  this  to  be  true 
for  air,  and  for  the  other  feeble  gases  referred  to ;  taking, 
that  is,  their  absorption  at  1  inch  of  pressure  to  be  -^'gth  of 
that  at  30  inches;  we  have  the  following  comparative 
effects.  It  will  be  understood  that  in  every  ease,  e 
the  first  four,  the  absorption  of  1  inch  of  the  gas  was  i 
termined  by  direct  experiment:^ 

LOij'gBn          .                   ....  I 

Nilrogfn I 

Hydrogen 1 

ChioriDO 60 

Bromias 160 

Carkiuic  oiids TtD 
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Csriionic  aoiil 972 

Hydrobromio  arid         ....  1003 

Nilric  oxide 1591 

NiCronn  oxids IBQO 

8nlphidB  of  hydrogon    ....  2100 

Ammuulu 5A90 

OUSontgu 6030 

SulphnrouB  scid 6480 

(422)  What  extroordinfiiy  differences  in  the  constitutioD 
irnd  character  of  the  ultimate  particles  of  various  gases  do 
the  above  results  reveal  t  For  every  ray  intercepted  by 
air,  oxygen,  hydrogen,  or  nitrogen — ammonia  intercepts 
5,460;  olefiant  gas  6,030 ;  while  sulphurous  acid  destroyn 
6,480.  With  these  results  before  us,  we  can  hardly  help 
attempting  to  visualise  the  molecules  themselves,  trying 
to  discern,  \with  the  eye  of  intellect,  the  actual  physical 
qualities  on  which  these  vast  differences  depend.  These 
molecules  are  particles  of  matter,  plunged  in  an  elaatic 
medium,  accepting  its  motions  and  imparting  theirs  to  it. 
Is  the  hope  unwarranted,  that  we  may  ultimately  make 
radiant  heat  such  a  feeler  of  atomic  constitution,  that  we 
shall  be  able  to  infer,  from  their  action  upon  it,  the  me- 
chanism of  the  ultimate  particlea  of  matter  themselves  ? 

(42.3)  Have  we,  even  now,  no  glimpse  of  a  relation 
between  absorption  and  atomic  constitution  ?  You  re- 
member our  experiments  with  gold,  silver,  and  copper; 
you  recollect  how  feebly  they  radiated,  ajid  how  feebly 
they  absorbed  (5§  340  and  341).  We  heated  them  by 
boiling  water ;  that  is  to  say,  we  imparted,  by  the  contact 
of  the  water,  motion  to  their  atoms;  but  this  motion  was 
imparted  with  extreme  slowness  by  the  atoms  to  the 
etiicr  in  which  they  swung.  That  the  atoms  of  these 
bodies  glide  through  the  ether  with  scarcely  any  resistance 
may  also  be  inferred  from  the  length  of  time  which  they 
require  to  cool  in  vacuo.     But  we  have  seen  that  when 
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the  motion  which  the  atoms  possess,  and  which  they  are 
incompeteot  to  transfer  to  the  ether,  is  imparted,  by  con- 
tact, to  a  coat  of  varnish,  or  of  chalk,  or  of  lampblack,  or 
even  to  flannel  or  velvet,  these  bodies,  being  good  radiators, 
soon  transfer  the  motion  to  the  ether.  The  same  we  found 
true  for  glass  and  earthenware. 

(424)  In  what  respect  do  those  good  radiators  differ 
from  the  metals  referred  to?  In  one  profound  particular 
— the  metals  are  elements;  the  others  are  compounds. 
In  the  metals,  the  atoms  vibrate  singly;  in  the  varnish, 
velvet,  earthenware,  and  glass,  they  vibrate  in  groups. 
And  now,  in  bodies  as  diverse  from  the  metals  as  can 
possibly  be  conceived,  we  find  the  same  significant  fact 
making  its  appearance.  Oxygen,  hydrogen,  nitrogen,  and 
air,  are  elements,  or  miKtitres  of  elements,  and,  both  as 
regards  radiation  and  absorption,  their  feebleness  is  de- 
clared. They  swing  in  the  ether,  with  scarcely  any  loss 
of  moving  force. 

(425 )  rt  is  impossible  not  to  be  struck  by  the  position  of 
chlorine  and  bromine  in  the  last  table.  Chlorine  is  an 
extremely  dense  and  also  a  coloured  gas ;  bromine  is  a  far 
more  densely-coloured  vapour;  still  we  find  them,  as 
regards  perviousness  to  the  heat  of  our  source,  standing 
above  every  transparent  compound  gas  in  the  table.  The 
act  of  combination  with  hydrogen  produces,  in  the  case  of 
each  of  these  substances,  a  transparent  compound ;  but  the 
chemical  act,  which  augments  the  transparency  to  light, 
augments  the  opacity  to  heat;  hydrochloric  a^id  absorbs 
more  than  chlorine ;  and  hydrobromic  acid  absorbs  more 
than  bromine. 

(426)  Further,  the  element  bromine  is  here  in  the 
liquid  condition;  a  portion  of  it  enclosed  in  this  glass  cell 
is  of  a  thickness  sufficient  to  extingiuah  utterly  the  Same  of 
a  lamp  or  candle.  But  when  a  candle  is  placed  iu  front  of 
the  cell,  and  a  thermo-electric  pile  behind  it;  the  prompt 
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movement  of  the  needle  declares  the  passage  of  radiant 
heat  through  the  bromine.  This  heat  consists  entirely 
of  the  obscure  rays  of  the  candle,  for  the  light,  as  stated, 
is  utterly  cut  off,  Let  ua  remove  the  caudle,  and  put 
in  its  place  a  copper  ball,  heated  not  quite  to  redness. 
The  needle  at  once  flies  to  its  stops,  showing  the  trans- 
parency of  the  bromine  to  Uie  heat  emitted  by  the  ball. 
It  is  impossible,  I  think,  to  close  our  eyes  against  this 
convergent  evidence  that  the  free  atoms  swing  with  eaae 
in  the  ether,  while  when  grouped  in  oscillating  systems. 
they  cause  its  waves  to  swell,  imparting  to  it,  when  com- 
pounded into  molecules,  an  amount  of  motion  quite  beyond 
their  power  to  communicate,  as  long  as  they  remained 
un  combined.* 

(427)  But  it  will  occur  to  you,  no  doubt,  that  lamp- 
black, which  is  an  elementary  substance,  is  one  of  the  best 
absorbers  and  radiators  in  nature.  Let  us  examine  thii 
substance  a  little.  Ordinary  lampblack  contains  many 
impurities ;  it  has  various  hydrocarbons  condensed  within 
it,  and  these  hydrocarbons  are  powerful  absorbers  and 
radiators.  Lampblack,  therefore,  as  hitherto  applied, 
can  hardly  be  considered  ttu  element  at  all.  I  have,  how- 
ever, liad  these  hydrocarbons  in  great  part  removed, 
by  carrying  through  red-hot  lampblack  a  current  of 
chlorine  gas :  but  the  substance  has  continued  to  be  a 
powerful  radiator  and  absorber.  Well,  what  is  lamp- 
black? Chemists  will  tell  you  that  it  Ls  an  allotropic 
form  of  the  diamond:  here,  in  fact,  is  a  diamond  reduced 
to  charcoal  by  intense  heat.  Xow  the  allotropic  con- 
dition has  long  been  defined  as  due  to  a  difference  in  the 
arrangement  of  a  body's  particles ;  hence,  it  is  conceiv- 
able that  this  arrangement,  which  causes  such  a  marked 
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phvsiml  difference  between  lampblack  and  diamond,  may 

conaist  of  an  atomic  grouping,  which  causes  the  body  to 
act  on  radiant  heat  as  if  it  were  a  compound.  Such 
an  arrangement  of  an  element,  though  exceptional,  is 
quite  conceivable ;  and  it  will  afterwards  be  showu  that 
this  is  actually  and  eminently  the  case,  as  regards  an  allo- 
tropic  form  of  our  highly  ineffectual  oxygen. 

(428)  But,  in  reality,  lampblack  is  not  so  impervious  as 
you  might  suppose  it  to  be.  Melloni  has  shown  it  to  be 
transparent,  in  an  uuespected  degree,  to  radiant  heat 
emanating  from  a  low  source,  and  the  experiment  now 
to  be  performed  will  corroborate  his.  This  plate  of  rock- 
salt,  by  being  held  over  a  emoby  lamp,  has  been  so  thickly 
coated  with  soot  that  it  does  not  allow  a  trace  of  light 
from  the  most  brilliant  gas  jet  to  pass  through  it. 
Between  the  smoked  plate  and  this  vessel  of  boiling  water, 
which  is  to  serve  as  our  source  of  heat,  is  placed  a  screen. 
The  thermo-electric  pile  is  at  the  other  side  of  the 
smoked  plate.  When,  the  screen  is  withdrawn,  instantly 
the  needle  moves  from  zero,  its  final  and  permanent  de- 
flection being  52°.  I  now  cleanse  the  salt  perfectly,  and 
determine  the  radiation  through  the  unemoked  plate, — 
it  is  71°.  But  the  value  of  the  deflection  52°,  expressed 
with  reference  to  our  usual  unit,  is  85,  and  the  value 
of  7 1°,  or  the  total  radiation,  is  about  222.  Hence,  the 
radiation  through  the  soot  is  to  the  whole  radiation  as    ^H 

222  :  85=  100  :  38  fl 

that  is  to  say,  38  per  cent,  of  the  incident  heat  has  bees 
transmitted  by  the  layer  of  lampblack. 

(429)  We  shall  have  to  deal  subsequently  with  &r 
more  impressive  illustrations  of  the  diathermancy  of  opaque 
bodies  than  that  here  exhibited  by  lampblack.  They  may 
receive  a  passing  notice  here.  Iodide  of  methyl  is  formed 
by  the  union  of  the  element  iodine  with  the  radical  methyl 
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EsposTire  to  light  usually  sets  a  portion  of  the  iodine 
free,  iind  colours  the  liquid  a  rich  brown.  In  a  series 
of  experimenta  on  the  radiation  of  heat  throufsh  liquids, 
I  compared,  aa  regards  their  powers  of  transmission,  a 
Htrougly  coloured  specimen  of  the  iodide  of  methyl,  with 
a  perfectly  transparent  one ;  there  was  no  difference  be- 
tween them.  The  iodine,  which  produced  so  marked  an 
effect  on  tight,  did  not  sensibly  aflfect  the  radiant  heat. 
Here  are  the  numbers  which  express  the  portion  of  the 
total  radiation  intercepted  by  the  transparent  and  coloured 
liquids  respectively: — 

Aljaorptlnn  per  aent. 

Iodide  of  melhjl  (tianxparonl) 63'2 

,1  „      (slTDDgl;  colonred  with  iodine)    .        .     632 

The  source  of  heat,  in  this  case,  was  a  spiral  of  platinum 
wire  rdsed  to  bright  redness  by  an  eJectrio  ciirrent.  On 
looking  through  the  coloured  liquid,  the  incandescent 
spiral  was  visible.  The  colour  was  therefore  intentionally 
deepened  by  adding  iodine,  until  the  solution  was  of  suflB- 
cient  opacity  to  cut  off  wholly  the  light  of  a  brilliant 
jet  of  gas.  The  transparency  of  the  liquid  to  the  radiant 
heat  was  not  sensibly  affected  by  the  addition  of  the 
iodine.  The  luminous  heat  was,  of  course,  cut  off;  but 
this,  as  compared  with  the  whole  radiation,  was  so  small 
as  to  be  insensible  in  the  experimentfl. 

(430)  It  is  known  that  iodine  dissolves  freely  in  the 
bisulphide  of  carbon,  the  colour  of  the  solution  in  thin 
layers  being  a  splendid  purple ;  but  in  layers  of  moderate 
thickniMS  it  may  be  rendered  perfectly  opaque  to  light. 
A  quantity  of  iodine  was  dissolved  in  the  liquid,  sufficient, 
when  introduced  into  a  cell  O'O"  of  an  inch  wide,  to  cut 
off  the  light  of  the  most  brilliant  gas  flame.  Comparing 
the  opaque  solution  with  the  transparent  bisulphide,  the 
following  results  were  obtiuned : — 

Binilplud«  of  earboD  (opnqae]       ....     13  I'l 
„  „       (UuDvpareDt)  .        .     13a 
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Here  the  presence  of  a  quantity  of  iodine,  perfectly  opaque 
to  a  brilliant  light,  was  without  measurable  effect  upon 
the  heat  emanating  from  our  platinum  spiral. 

(431)  The  same  liquid  was  placed  in  a  cell  0-27  of  an 
inch  in  width  ;  that  is  to  say,  a  solution  opaque  to  light, 
at  a  thickneBS  of  O-OT,  was  employed  in  a  layer  of  nearly 
four  times  this  thickness.     Here  are  the  resulta  : — 

AlwHpUon 
Bisulphide  of  carboa  (transporant)       .        .        .     IS'8 
.,  „       (opaque)       ....     lU'O 

The  difference  between  both  measurementB  lies  within  the 
limits  of  possible  error. 

(432)  The  light  of  the  electric  lamp  has  already  been 

decomposed  in  your  presence,  the  spectrum  of  the  light 
being  projected  upon  a  white  screen.  For  this  purpose, 
a  priara  of  transparent  bisulphide  of  carbon  was  employed. 
The  liquid  is  contained  in  a  wedge-shaped  flask  with 
plane  glass  sides :  it  draws  the  colours  very  widely  apart, 
and  produces  a  more  beautiful  effect  than  could  be  ob- 
tained with  a  glass  prism.  I  now  project  a  little  spectrum 
on  this  small  screen,  behind  which  is  placed  the  thermo- 
electric pile,  connected  with  the  large  galvanometer  in 
front  of  the  table.  The  spectrum,  as  you  observe,  is 
about  1^  inches  wide  and  2  inches  long,  its  colours 
being  rendered  very  vivid  by  concentration.  If  the 
screen  were  removed,  the  red  and  extra-red  end  of  the 
spectrum  would  fall  upon  the  pile  behind,  and  doubtless 
produce  a  thermo-electric  current.  But  we  will  allow  no 
light  to  fall  upon  the  instrument;  my  object  being  to 
show  you  that  we  have  Iiere  a  spectrum  which  you  cannot 
see,  and  that  you  may  entirely  detach  the  non-luminous 
spectrum  from  the  luminous  one.  Here,  then,  is  a  second 
prism,  filled  with  the  bisulphide  of  carbon,  in  which  iodine 
has  been  dissolved.  I  remove  the  transparent  prism,  (md 
put  the  opaque  one  exactly  in  its  place.     The  s 
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has  disappeared ;  there  ts  bo  longer  a  trace  of  light  upon 
the  screen  ;  but  a  thermal  spectrum  is  still  there.  The 
(ibBcure  rays  of  the  electric  lamp  have  traversed  the 
opaque  liquid,  have  been  refracted  like  the  luminous  ones, 
and  are  now,  though  invisible,  impinging  upon  the 
screen  before  you.  This  is  proved  by  removing  the  screen: 
no  light  strikes  the  pile,  but  the  heat  falling  upon  it  is 
competent  to  dash  violently  aside  the  needles  of  our  large 
galvanometer. 

(433)  The  action  of  gases  upon  radiant  heat  has  been 
already  illustrated  with  our  glass  experimental  tube  and 
our  new  source  of  heat.  Let  me  now  refer  to  the  action 
of  vapours,  as  examined  with  the  same  apparatus.  Here 
are  several  glass  flasks,  each  furnished  with  a  braes  cap, 
to  which  a  stopcock  can  be  screwed.  Into  each  is  poured 
a  quantity  of  a  volatile  liquid,  a  flask  being  reserved  for 
each  Uquid,  so  as  to  render  the  admixture  of  the  vapours 
impossible.  From  each  flask  the  air  is  carefully  removed, 
— not  only  the  air  above  the  liquid,  but  the  air  dissolved 
in  it,  this  latter  bubbling  freely  away  when  the  flask  is 
exhausted.  I  now  attach  a  flask  to  the  exhausted  ex- 
perimental tube,  and  allow  the  vapour  to  enter,  without 
permitting  any  ebullition  to  occur.  The  mercury  column 
of  the  pump  sinks,  and  when  the  required  depreasioQ 
has  been  obtained,  the  supply  of  vapour  is  cut  ofi".  In 
this  way,  the  vapours  of  the  subetances  mentioned  iu  the 
next  table  have  been  examined,  at  pressures  uf  UI,  0*5, 
and  I  inch,  respectively. 

AbKirptlfln  of  Vnpoan 


Biculphiclp  of  carbon   . 
Iodide  of  mcthjl 

CUlorofom 
Mcthylir  Aloohal 
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AbiorptEoTi  of  Tapaon 


Sulphuric  ethsr  . 
Aleohol       . 
Foimic  ether 
Acetic  pcher 
Propionate  of  *thjl 
Bonuic  a{^id 


lAr>{^^H 


(434)  These  nurabere  refer  to  the  absorption  of  a  whole 
atmosphere  of  dry  air  as  thoir  unit ;  that  ia  to  say,  -yi^th  of 
an  inch  of  bisulphide  of  carbon  vapour  does  fifteen  times 
the  execution  of  30  inches  of  atmospheric  air ;  while  ■j'^th  of 
au  inch  of  horacic  ether  vapour  does  620  times  the  execu- 
tion of  a  whole  atmosphere  of  atmospheric  air.  Comparing 
air  at  a  pressure  of  O'Ol  with  boracic  ether  at  the  same 
pressure,  the  absorption  of  the  latter  is  probably  more 
than  180,000  times  that  of  the  former. 

(434a)  It  is  eaayto  show  in  a  general  way  the  absorption 
of  radiant  heat  by  vapour.  An  open  tube  will  answer 
the  purpose  wlteu  quantitative  results  are  not  sought. 
The  tube  even  may  be  dispensed  with,  and  the  vapour 
discharged  from  a  slit  into  the  open  air  between  the  pile 
and  the  source.  A  few  specimen  results  obtained  in  this 
rough  way  will  suffice  for  illustration.  Two  cubes  of 
boiling  water  were  employed,  and  in  the  usual  manner  the 
needle  was  brought  to  zero.  Dry  air  was  then  ui^ed 
from  a  gas  bag  (a  common  bellows  would  answer  the  same 
purpose)  through  a  U-tube  containing  fragments  of  glass, 
moistened  with  the  liquid  whose  vapour  was  to  be  ex- 
amined. The  mixed  air  and  vapour  were  discharged  in 
the  open  air  in  front  of  the  pile,  and  the  extreme  limit 
of  the  swing  of  the  galvaoometer  needle  was  noted. 


iwtng  d^l 

J 
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Vftponr  discharged  Limit  of  iwiog 

in  open  air  of  needle 

Amylene 91 

Bisulphide  of  carbon  .  .61 

Valeric  ether 32 

Benzol 81 

Alcohol 31 

The  influence  of  volatility  here  forces  itself  upon  the 
attention.  The  action  of  course  depends  on  the  amount 
of  vapour  discharged,  a  quantity  directly  dependent  on 
the  volatility  of  the  liquid.  It  is  in  consequence  of  its 
greater  volatility  that  bisulphide  of  carbon  is  here  able  to 
transcend  the  far  more  energetic  alcohol. 
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^P  I  GIVE  bete  tbe  method  of  calibtsting  the  galrsDometcr  which 

Melloni  recommends,  aa  luaving  noUiing  to  be  de^rcd  aa  regards 
facility,  promptness,  mid  precision.  His  own  statement  of  the 
method,  tniaalated  from  '  La  ThemiochroBe,'  p,  59,  is  as 
follows : — 

p,g  gg  Two  small  vessels,  vv,  are  half- 

filled  with  mercury,  and  connected, 
separately,  by  two  short  wires,  with 
tlie   extremities  GC   of  the  galvano- 
meter.    The   vessels   and   wires  thus 
disposed  miike  no  change  in  the  action 
of  the  instrument;  the  thermo-electric 
current  being   freely    iranBmitled,    as 
before,  frxim  the  pile  to  the  galvano- 
meter.    But  if,  by  means  of  a  wire 
F,   a   communicalJOD    be  established 
between  the  two  vessels,  jtart  of  the  current  will  puss  throngh 
id  retmn  to  the  pile.     The  quantity  of  electricity 
circulating  in  the  galvanometer  will  be  thus  diminished,  and  with 
it  iLe  deflection  of  tlie  needle. 

Suppose,  then,  that  by  this  artifice  we  have  reduced  the  gal- 
vanometric  deviation  to  its  fourth  or  fifth  pMrt ;  in  other  words, 
supposing  that  the  needie,  being  at  10  or  13  degrees,  imder  the 
action  of  a  constant  source  of  heat,  placed  at  a  fixed  distance  from 
the  pile,  descends  to  2  or  3  degrees,  when  a  portion  of  the  current 
is  diverted  by  the  external  wire;  I  say,  that  by  causing  the 
BOiurce  to  net  from  various  distances,  and  observing  in  each  case 
the  total  deflection,  and  the  redacfd  deflection,  we  have  ail  the 
data  necessary  to  determine  the  ratio  of  the  deflections  of  the 
needle,  to  the  forces  which  produce  these  dellections. 

To  render  the  exposition  clearer,  and  to  funjisli,  at  the  same 
time,  an  example  oflliemode  of  operation,  I  will  take  the  numbers 


^L  data 

■  needl 

■       ill 
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relating  to  the  application  of  the  method  to  one  of  mj  tbcrmo' 
multipliers. 

The  external  circuit  being  interrupted,  and  the  source  of  heat 
being  sufficiently  distant  from  ihe  pile  to  give  a  defection  not 
exceeding  5  degrees  of  the  galvanometer,  let  the  wire  be  placed 
from  V  to  v;  tJie  needle  &IU  to  l'S°.  The  connection  betwe«o 
ihe  two  veaBela  being  again  interrupted,  let  the  source  bo  brought 
near  enough  Co  obtain  succcBsively  ihe  defleclionB : — 

5".  lO*,  15'.  20",  2t>°,  30'.  Sflo.  *0=.  ii". 
loierpoaing  sHer  each  the  same  wire  between  v  and  v,  we  obUiiu 
the  following  numbers  : — 

l-fl",  3°,  *6*,  8-30.  8-1=,  IH".  Ii3».  aa-*".  387". 

Assuming  the  Ibrce  nccesenry  lo  cni;»e  the  needle  to  describe 
each  of  the  first  degrees  of  the  galvanometer  to  he  eijnnl  to 
unity,  we  have  the  number  5  ns  the  expression  of  the  foree  cor- 
responding to  the  fir»l  observation.  The  other  forces  are  easily 
obtained  by  the  proportions; — 

i-6  :  b  -  a  :  X  =  ^\a  w^  3'333.» 

where  a  represeots  the  deflection  when  llic  exterior  circuit  is 
closed.     We  thus  obtain 

S,  10,  lG-2,  21,  28,  S7*3 
for  the  forces,  corresponding  t«  llie  deflections, 

b".  ir,  IfiO.  300,360  30". 

In  this  instrUTiient,  therefore,  the  forces  are  sensibly  propor- 
tional to  the  arcs,  up  to  nearly  15  degrees.  Bejoiid  this,  the 
pro]>ortioiiulity  ceasee,  and  llie  divergence  augments  as  the  aren 


The  forces  belonging  to  the  intermediate  d^rees  are  obtained 

with  great  ease,  cither  by  calculation  or  by  gmphicnl  construction, 

which  latter  is  sufficiently  accurate  for  these  determinatioas. 

By  these  meniu  we  find, 

Degws        .        .     13'.  U«.  16«.  16*,  IT",  18",  19°.  30°,  31*=. 

Furcra  .     13.  141.  Ifi-3.  16-3,  174,  18-4,  19-8,  31.  33'3. 

Diffcrearcs  .       .        11.    M,    11,    1-1.    13.    13.    1-2.    13. 

■  Thnt  is  to  ssy,  one  wdund  carrrat  is 
it  Mnrrspouds,  M  any  MIifc  reda«ed 
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In  thiH  table  we  do  not  take  into  acwunt  any  of  the  degrees 
precediug  the  13tb,  because  the  force  correaponding  to  each  of 
iheiu  poBsesses  the  Eame  value  as  the  de (lection. 

The  fbrcea  corresponding  lo  the  first  30  degrees  being  known, 
nothing  is  easier  tlian  to  determine  the  riiluea  of  the  forces 
corresponding  to  35,  40,  45  degrees,  and  upwards. 

The  reduced  deflections  of  these  three  area  are, 
15-3=,  22-4°,  aa-T". 

Let  us  consider  them  separstely ;  commencing  with  the  first. 
Id  the  first  place,  then,  15  degrees,  according  to  our  calculation, 
are  equal  to  15-2;  we  obtain  the  value  of  the  decimal  0-3  by 
multiplying  this  fraction  by  the  difference  I'l  which  exists 
between  the  13th  and  16[h  degrees ;  for  we  hare  evidently  ItaJ 
proportion  S 

1  :  l-l-0'3:  j-0-3.  ■ 

The  value  of  the  reduced  deflection  corresponding  to  the  35th 
"1  not,  therefore,  be  15-3°,  but  15-2°  +  O-S"  =  IS-S". 
By  Mmilar  conaideratiouB  we  find  23*5°+0"6''=:24'l°,  instead  of 
22-4°  and  36-7°  inatead  of  297°  for  the  reduced  deflections  of  40 
and  45  degrees. 

It  now  only  remains  to  calculate  the  forces  belonging  to  these 

three  deflections,  15'5°,24'I'',  and  36-7°,  by  means  of  the  espreft-u 

sion  3-333  a  ;  this  gives  us—  J 

tiiBforceB.  51-7,  80-3,  122'3  ;  ■ 

fur  the  degrees,  3S,  iO,  45.  ^M 

Comparing  these  nimibers  with  those  of  the  preceding  table,  we 
see  tliat  the  sensitiveness  of  our  gaivimometer  diminishes  con- 
Mdenibly  when  we  uae  deflections  greater  than  30  degrees. 


ACTION'   OP  ODOROUS  SUBSTAN'CES. 


(435)  C1CENTS  and  effluvia  generally  have  long  occupied 
kJ  the  attention  of  observant  men,  and  tbey  have 
formed  favourite  illustrations  of  the  '  divisibility  of  matter.' 
No  chemist  ever  weighed  the  perfume  of  a  rose ;  but  in 
radiant  lieat  we  have  a  test  more  refined  than  the  chemist's 
balance.  The  results  brought  before  you  in  our  last  chap- 
ter would  enable  you  to  hear  the  assertion  without  sur- 
prise, that  the  quantity  of  volatile  matter  removed  from 
a  hartshorn  bottle  by  any  person  in  this  room,  by  a  single 
act  of  inhalation,  would  exercise  a  more  potent  action  on 
radiant  heat,  than  the  whole  body  of  oxygen  and  nitrogen 
which  the  room  contains.  Let  us  apply  this  test  to  other 
odours,  and  see  whether  they  also,  notwithstanding  their 
almost  infinite  attenuation,  do  not  exercise  a  measurable 
influence  on  radiant  heat. 

(436)  We  will  operate  in  a  very  simple  way.  A  number 
of  small  and  equal  squares  of  bibulous  paper  are  rolled  up 
so  as  to  form  little  cylinders,  each  about  two  inches  in 
length.     Each  paper  cylinder  is  then  moistened  by  dipping 
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e  end  of  it  into  an  aromatic  oil ;  the  oil  creeps  by  capil- 
lary attraction  through  the  paper,  until  the  whole  of  the 
roll  becomes  moist.  The  roll  is  introduced  thus  into  a 
glass  tube,  of  a  diameter  which  enables  the  paper  cylinder 
to  fill  it  without  being  squeezed,  and  between  the  drying 
apparatus  and  the  experimental  tube  is  placed  the  tube 
containing  the  scented  paper.  The  experimental  tube  is 
now  exhausted  and  the  needle  at  zero.  Turning  this  cock 
on,  dry  air  passes  gently  through  the  folds  of  the  saturated 
paper.  The  air  takes  up  the  perfume  of  the  aromatic  oil, 
and  carries  it  forward  into  the  experimental  tube.  The  ab- 
sorption of  one  atmosphere  of  dry  air  we  assume  to  be  unitj'; 
and  any  additional  absorption  which  these  experiments  re- 
veal, must  be  due  to  the  scent  which  accompanies  the  air. 

(437)  The  following  table  will  give  a  condensed  view 
of  the  absoqjtion  of  the  substances  mentioned  in  it,  with 
reference  to  the  unit  just  mentioned. 

Per/wmes. 

KuD6  of  perfumfl  A.1 

Patcbanli 

Sondal-Tood 

Oil  of  doves 

Otio  of  rosea 

BcT^mot 

Laveader ^v  1 

LemoD W/ 

PorEugol ST'fl 

Thjmo 

Itoacmery 

Oi!  of  laurel 

Csmoniile  Sowers 87  'j 

Cuasis 109 

Spikenard ZS6    ' 

AaiseBil 372 

(438)  The  number  of  atoms  of  air  here  in  the  tube 
must  be  regarded  as  almost  infinite,  in  comparison  witt 
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those  of  the  odours ;  still  the  latter,  thinly  scattered  as  they 
are,  intercepts  in  the  case  of  patchouli,  30  times  the  qiian- 
tity  absorbed  by  the  air;  otto  of  roses  does  upwards  of  36 
times  the  execution  of  the  air  ;  thyme,  74  times ;  spikenard, 
355  times;  and  aniseed,  372  times.  It  would  be  idle 
to  speculate  on  the  quantities  of  matter  implicated  in 
these  results.  Probably  they  would  have  to  be  multiplied 
by  millions  to  bring  them  up  to  the  pressure  of  ordinary 
air.     Thus, — 

TbesTret  south 

Tlinl  breathes  apoa  &  banJi  of  liolpls, 

SK'Bling  ani!  giving  odour, 

owes  its  sweetness  to  an  agent,  which,  though  almost 
infinitely  attenuated,  may  be  more  potent,  as  an  intercepter 
of  terrestrial  radiation,  than  the  entire  atmosphere  from 
'  bank '  to  sky. 

(439)  In  addition  to  these  experiments  on  the  essential 
oils,  others  were  made  on  aromatic  herbs.  A  number  of 
such  were  obtained  from  Covent  Garden  Market:  they 
were  dry,  in  the  common  acceptation  of  the  term  ;  that  is 
to  say,  they  were  not  green,  but  withered.  Still,  I  fear 
the  results  obtained  with  them  cannot  be  regarded  as  pure, 
on  account  of  the  probable  admixture  of  aqueous  vapour. 
The  aromatic  parts  of  the  plants  were  stuffed  into  a  glass 
tube  eighteen  inches  long  and  a  quarter  of  an  inch  in  dia- 
meter. Previous  to  connecting  them  with  the  experimental 
tube,  they  were  attached  to  a  second  air-pump,  and  dry 
air  was  carried  over  them  for  some  minutes.  They  were 
then  connected  with  the  experimental  cylinder,  and 
treated  as  the  easeotial  oils;  the  only  difference  being 
that  a  length  of  eighteen  inches,  instead  of  two,  was 
occupied  by  the  herbs. 

Thyme,  thus  examined,  gave  an  action  thirty-three  times 
that  of  the  air  which  passed  over  it. 


I 
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Peppermint  exercised  thirty-four  times  the  action  of 

the  air. 

Spearmint  exercised  thirty-eight  times  the  action  of 
the  ail. 

Lavender  exercised  thirty-two  times  the  action  of 
the  air. 

Wormwood  exercised  forty-one  times  the  action  of 
the  air. 

Cinnamon  exercised  fifty-three  times  the  action  of 
the  air. 

As  already  hinted,  these  resuhs  may  he  complicated 
with  the  action  of  aqueous  vapour  :  its  quantity,  however, 
must  have  been  infinitesimal. 

(440)  There  is  another  substance  of  great  interest  to 
the  chemist,  to  which  we  may  apply  the  test  of  radiant 
heat,  but  the  attainable  quantities  of  it  are  bo  miuute  as 
almost  to  elude  measurement,  I  mean  that  extraordinary 
substance,  ozone.  This  body  is  known  to  be  liberated  at 
the  oxygen  electrode,  when  water  is  decomposed  by  an 
electric  current.  To  investigate  its  action,  three  dif- 
ferent decomposing  cells  were  constructed.  In  the  first, 
No.  1,  the  platinum  plates  used  as  electrodes  had  about 
four  square  inches  of  surface ;  the  plates  of  the  second 
(No.  2)  had  two  square  inches  of  surface ;  while  the  plates 
of  the  third  (No.  3)  had  only  one  square  inch  of  surface, 
each. 

(441)  My  reason  ibr  using  electrodes  of  different  sizes 
was  this: — On  first  applying  radiant  heat  to  the  examina- 
tion of  ozone,  I  constructed  a  decomposing  cell,  in  which, 
to  diminish  the  resistance  of  the  current,  very  large 
platinima  plates  were  used.  The  oxygen  thus  obtained, 
which  ought  to  have  embraced  the  ozone,  showed  scarcely 
ar"  '■'  the   reactions  of  this  substance.     It   hardly  dis- 

^de  of  potassium,  and  was  almost  without  action 
heat.     A  second  decomposing  apparatus,  with 
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smaller  plates,  was  tried,  and  here  the  action,  both  on  iodide 
of  potassium  and  on  radiant  heat,  was  found  very  decided. 
Being  nnable  to  refer  these  differences  to  any  other  cause 
than  the  different  magnitudes  of  the  plates,  I  formally 
attacked  the  subject,  by  operating  with  the  three  cells 
above  described.  Calling  the  action  of  the  main  body  of 
the  electrolytic  oxygen  unity;  that  of  the  ozone  which 
accompanied  it,  in  the  respective  cases,  is  given  in  the 
following  table : — 


No.  1 •Mi 

No.  2 ai 

No,  3 47 

(442)  Thus,  the  modicum  of  ozone  which  accompanied 
the  oxygen,  and  iu  comparison  to  which  it  is  a  vanishlnt; 
quantity,  exerted,  in  the  case  of  the  first  pair  of  plates,  an 
action  twenty  times  that  of  the  oxygen  itself,  while  with 
the  third  pair  of  plates  the  ozone  was  forty-seven  times 
more  energetic  than  the  oxygen.  The  influence  of  the 
eize  of  the  plates,  or,  in  other  words,  of  the  density  of 
the  current  where  it  enters  the  liquid,  on  the  production 
of  ozone,  is  rendered  strikingly  manifest  by  these  experi- 
ments. 

(443)  Portions  of  the  plates  of  cell  No.  2  were  then 
cut  away,  so  as  to  make  them  smaller  than  those  of  No. 
3.  The  reduction  of  the  plates  was  accompanied  by  an 
increase  of  the  action  upon  radiant  heat ;  the  absorption 
rose  at  once  from  34  to 

65. 

The  reduced  plates  of  No.  2  here  transcend  those  of 
No.  3,  wliich,  iu  the  first  experiments,  gave  the  largest 
action. 

The  plates  of  No.  .1  were  next  reduced,  so  as  to  make 
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7  j^enerated  by  No.  3 


them  smallest  of  all.     The  ozone  e 
effected  an  absorption  of 

85. 

Thua,  we  see  that  the  action  upon  radiant  heat  advances 
as  the  size  of  the  electrodes  is  diminished. 

Heat  is  known  to  he  very  destructive  of  ozone  ;  and  eus- 
pecting  the  development  of  heat  at  the  small  electrodes 
of  the  cell  last  made  use  of,  I  surrounded  the  cell  with  a 
mixture  of  pounded  ice  and  salt.  Kept  thua  cool,  the 
abaorption  of  the  ozone  generated  rose  to 
136. 

(444)  There  is  a  perfect  correspondence  between  these 
results,  and  those  of  MM.  de  la  Rive,  Soret,  and  Mel- 
dinger,  though  there  is  no  resemblance  between  our  re- 
spective modes  of  experiment,  Sunh  an  agreement  is 
calculated  to  augment  our  confidence  in  radiant  heat,  as 
an  investigator  of  molecular  condition,* 


•  M.  Meidingpr  oommences  hia  paper  bj  showiag  the  nbscncn  of  agree- 
ment  belwiwll  iheory  Hnd  eiperimcot  in  the  documpoBition  of  whIct.  Uw 
diffferenm  showing  itself  very  dfcidfilly  in  a  deficiency  of  oxymen  aim  tit 
mrrmt  via  ttrong.  On  bonting  his  electrolyte,  he  fonad  tllat  tliig  dif- 
ference disappeared,  the  proper  quantity  of  oiygen  being  then  lilienM. 
He  at  anra  auimiaed  that  thn  ilpfeoc  of  oiygen  might  be  dns  tu  Ihc  fomA- 
tion  of  oEone;  but  how  did  the  substance  net  lo  produce  the  diminatinn  of 
the  ojygpo  ?  If  tho  dofpct  wero  duo  to  the  gront  denaity  uf  the  orone.  the 
deatruclJou  of  this  substance,  by  heat,  would  restore  the  oiygon  ti)  ita  true 
Tolume.  Strong  heating,  bowerer,  which  deBtroyed  tile  ozone,  prmlucod  no 
alteration  of  volume,  hence  M.  Meidinger  BOnckded  that  tho  offW-t  which 
he  obserred  wan  not  due  to  the  ozone  which  remained  mixed  with  the  0x7- 
gCQ  itself.  He  finally  concluded,  and  justified  his  cooclusiou  by  salisfofloTy 
experimontB,  that  the  loss  of  oiygen  wus  due  l«  tho  forination,  iu  the  wnler. 
of  peroxide  of  hydrogen  by  the  OEone;  (he  oiygen  being  thna  wtlhdnwn 
from  tho  tube  to  which  it  belonged.  He  alao,  as  M.  de  la  Rire  hod  tire- 
TioUBly  done,  experimented  with  electrodes  of  diflerent  aiies,  and  found  the 
loss  of  oiygeu  much  more  considerable  when  a  small  electrode  wus  naed 
than  with  t.  laige  one  1  wbeucs  he  inferred  that  llie  formation  of  ozone  was 
faeilitBtod  by  angmtating  the  density  of  the  current  at  Ihcplace  mhrrc  elK- 
Irode  and  dectrti^tt  mat.    The  aame  cancluaion  ia  deduced  &om  tlie  above 
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(445)  The  quantities  of  ozone  involved  in  the  fore- 
going experiments  must  be  perfectly  iinmeiisuruble  by 
ordiuory  means.  Still,  its  action  upon  rudiant  beat  is  so 
energetic  as  to  place  it  beaide  oleBant  gna,  or  boracic  ether, 
as  1111  absorbent — bulk  for  bulk,  it  might  transcend  either. 
No  elementary  gas  that  I  have  examined  behaves  at  all 
bke  ozone.  In  its  swing  through  the  ether  it  must  power- 
fully disturb  the  medium.  If  it  be  oxygen,  it  must  be 
oxygen  atoms,  packed  into  groups.  I  sought  to  decide  the 
question  whether  it  is  oxygen,  or  a  compound  of  hydrogen, 
in  the  following  way.  Heat  destroys  ozone.  If  it  were 
oxygen  only,  heat  would  convert  it  into  the  common  giis ; 
if  it  were  the  hydrogen  compound,  which  some  chemists 
con.sidered  it  to  be,  heat  would  convert  it  into  oxygen, 
plus  aqueous  vapour.  The  gas  alone,  admitted  into  the 
experimental  tube,  would  give  the  neutral  action  of  oxygen, 
but  the  gas,  plus  the  aqueous  vapour,  would  probably  give 
a  greater  action.  The  dried  elwtrolytic  gas  was  first 
caused  to  pass  through  a  gliiss  tube  heated  to  redness,  and 
tbeuce  without  drying  direct  into  the  experimental  tube. 
Secondly,  after  heating,  it  wna  dried  before  entering 
the  'experimental  tube.  Hitherto  I  have  not  been  .able  to 
establish,  with  certainty,  a  difference  between  the  dried 
and  undried  gaa.  If,  therefore,  the  act  of  heating  de- 
velope  aqueous  vapour,  the  experimental  means  employed 
have  not  yet  enabled  me  to  delect  it.  For  the  present, 
therefore,  I  hold  the  belief,  that  ozone  is  produced  by  the 
packing  of  the   atoms  of  elementary  oxygen  into  oacU- 

•xprrineiili  on  rsiliant  bwt.  No  two  iMnip  could  br  man  diT«PH  Uum 
the  Iwo  moilpa  of  procpcdiD^.  M.  Mcidingpr  sought  for  the  o^'gcn  which 
hiwl  diMppmreil,  uid  louiid  it  la  ibo  liquid :  1  cxaiDiDni  Iho  oij^ta  kctnolly 
librWed,  nod  fouod  Lb&t  the  oaonc  tailed  with  it  nogmenti  in  qn&iitity,  ■» 
the  elMtrulv*  diminiih  in  ■!«■.  It  mav  bo  sddrd.  thnl  lincD  tho  poniMl  of 
H.  Meidingof*  p"prr  I  hore  nipe»tMi  his  eip«riinfnts  with  my  own  decom- 
pOcitioD  cells,  and  found  ibil.  Uiose  wbich  gHTe  ms  tlie  grratHl 
abo  allowed  the  grmtesl  duGcieiii'y  in  (he  umouQt  uf  oijgnn  librratrd, 


REAT   AS   A    MODE    (IF   MOTION'. 


iasolves  tbo  bond  of 
ig  singly,  thus  dis- 
ng  or  generating  the 


lating  groups ;  and  that   heatin;^ 
union,  and  allows  the  atoms  to  sw: 
qualifying  them  for  either  intercept! 
motion,  which,  as  systems,  they  are  competent  to  inter- 
cept and  generate.* 

(446)  Your  attention  is  now  to  be  directed  to  a  aeries 
of  facta  which  surprised  and  perplexed  me,  when  they 
were  observed.  I  permitted,  on  one  occasion,  a  quantity 
of  alcohol  vapour,  sufficient  to  depress  the  mercury  gauge 
0-5  of  an  inch,  to  enter  the  eiperimental  tube;  it  pro- 
duced a  defluction  of  72".  While  the  needle  pointed  to 
this  high  figure,  and  before  pumping  out  the  vapour,  I 
allowed  dry  air  to  stream  into  the  tube,  and  happened,  as 
it  entered,  to  keep  my  eye  upon  the  galvanometer, 

(447)  The  needle,  to  my  astonishment,  sank  speedily  to 
zero,  and  went  to  25°  on  the  opposite  side.  The  entry  of 
the  ineffective  air  not  only  neiitralised  the  absorption 
previously  obsM-ved,  but  left  a  considerable  balance  in 
favour  of  the  face  of  the  pile  turned  towards  the  source. 
A  repetition  of  the  experiment  brought  the  needle  down 
from  70°  to  zero,  and  sent  it  to  38°  on  the  opposite  side- 
In  like  manner,  a  very  small  quantity  of  the  vapour  of 
sidphuric  ether  produced  a  deflection  of  30° ;  on  allowing 
dry  air  to  fill  the  tulte,  the  needle  descended  speedily  to 
zero,  and  swung  to  60°  at  the  opposite  side. 

My  first    thought,   on  observing  these   extraordii 
effects,  was,  that  the  vapours  had  deposited  themselves 
opaque  films  on  the  plates  of  roeksalt,  and  that  the 
air,  on  entering,  bad  cleared  these  films  away,  and  alloi 
the  heat  from  the  source  free  transmission. 


•  Tbo 


na^^H 


i 


oncluaioD  regonling  the  ronBtitutiun  of  ozone  w«a  des- 
cribed at  a  lime  when  the  most  emitiptit  BUllioriCiea  regardn!  ozone  as  con- 
aiitinj;  of  single  atoms,  and  ordinary  oijgen  of  groups  of  atmna.  ChpinicBl 
invflsHgationB  have  Bince  iudepeodently  eatublisbed  the  vi 
the  abore  eiperioienia  on  radiant  heat. 


i"  anttgested  Ijj^^ 
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(448)  But  a  moment'fl  reflection  dissipated  thia  suppo- 
Bition.  The  cleariDg  away  of  aueh  a  film  could,  at  best,  b)it 
restore  the  state  of  things  existiog  prior  to  the  eutrance  of 
the  vapour.  It  might  be  conceived  able  to  bring  the  needle 
again  to  0°,  but  it  could  not  possibly  produce  the  nega- 
tive deflection.  Nevertheleea,  I  dismounted  the  tube,  and 
subjected  the  plates  of  salt  to  a  searching  examination. 
No  such  deposit  as  that  surmised  nas  observe  1.  The 
salt  remained  perfectly  transparent  while  in  contact  with 
the  vapour.  How,  then,  are  the  effects  to  be  accounted 
for? 

(449)  We  have  already  made  ouraelvea  acquainted  with 
the  thermal  effect*  produced  when  air  is  permitted  to 
atream  into  a  vacuum.  We  know  that  the  air  is  warmed 
by  its  collision  against  the  aides  of  the  receiver.  Can 
it  be  that  the  heat  thus  generated,  imparted  by  the  air 
to  the  alcohol  and  ether  yapours,  and  radiated  by  them 
against  the  pile,  waa  more  than  sufficient  to  make  amends 
for  the  absorption?  The  srpgrim^ntum  ci-uci»  at  once 
Buggesta  itself  here.  If  the  eflects  observed  be  due  to  the 
heating  of  the  air,  on  entering  the  partial  vacuum  in  which 
the  vapour  wan  diffiiaed,  we  ought  to  obtain  the  same 
effects,  when  the  sources  of  heat  hitherto  mode  use  of  are 
entirely  abolished.  We  are  thus  led  to  the  consideration 
of  the  novel  and,  at  first  sight,  utterly  poradosical  problem 
— to  determine  the  radiation  and  absorption  of  a  gas  or 
vapour  without  any  source  of  Heat  external  to  tkegaseoua 
body  itself. 

(450)  Let  ua,  then,  erect  our  apparatus,  and  abandon  our 
two  sources  of  heat  Here  is  our  glass  tube,  stopped  at  one 
end  by  a  plate  of  glatw,  for  we  do  not  now  need  the  passage 
of  the  heat  through  this  end;  and  at  the  other  end  by 
a  plate  of  rocksalt.  In  front  of  the  salt  ia  placed  the 
pile,  connected  with  its  galvanometer.  Though  there 
is  now   no  apecial  source  of  heat  a«ti»g  npon  tlie  pile, 
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the  needle  does  not  come  quite  to  zero ;  indeed,  the  walls 
of  tbis  room,  and  the  people  who  Bit  around,  are  so 
many  sourcea  of  heat,  to  neutralise  which,  aud  thus  to 
bring  the  needle  accurately  to  zero,  I  must  slightly  warm 
the  defective  face  of  the  pile.  This  is  done  without  any 
difficulty  by  a  cube  of  lukewarm  water,  placed  at  a,  dis- 
tance; the  needle  is  now  at  zero.  ^^ 

(451)  The  esperimental  tube  being  exhausted,  air  is  p<C^| 
mitted  to  enter,  till  the  tube  is  tilled.  This  air  is  (*• 
present  warm;  every  one  of  its  atoms  is  oscillating;  and 

if  the  atoms  possessed  any  sensible  power  of  communicating 
their  motion  to  the  luminiferous  ether,  we  should  have, 
from  each  atom,  a  train  of  waves  impinging  on  the  fa^e  of 
the  pile.  But  you  observe  scarcely  any  motion  of  the 
galvanometer,  and  hence  may  infer  that  the  quantity  of 
beat  radiated  by  the  air  is  exceedingly  small.  The  de- 
flection produced  is  7°. 

(452)  But  these  7°  are  not  really  due  to  the  radiation 
of  the  air.  To  what,  then?  I  open  one  of  the  ends  of 
the  esperinienta!  tube,  and  place  a  bit  of  black  paper  as  a 
lining  within  it;  the  paper  merely  constitutes  a  ring, 
which  covers  the  interior  surface  of  the  tube  for  a  length 
of  12  inches.  Let  ns  now  close  the  tube  and  repeat  the 
last  experiment.  The  air  is  now  entering;  but  mark  the 
needle — -it  has  already  flown  through  an  arc  of  70°.  You 
see  here  exemplified  the  influence  of  this  bit  of  paper 
lining;  it  is  warmed  by  the  air,  and  it  radiates  agajnst 
the  pile  in  this  copious  way.  The  interior  surface  of  the 
tube  itself  -niust  do  tlie  same,  though  in  a  less  degree,  and 
to  the  radiation  from  this  surface,  aud  not  from  the  air 
itself,  the  deflection  of  7°  which  we  have  just  obtained  is, 
I  believe,  to  be  ascribed. 

(453)  Removing  the  bit  of  lining  from  the  tube,  instead 
of  air  we  will  permit  nitrous  oside  to  stream  into  it ;  the 

31e  swings  to  28°,  thus  showing  the  superior  radiative. J 


or  rad!attv».M 
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power  of  this  gas  over  that  of  atr.  On  working  the  pump, 
the  g:is  wiUiiu  the  experi mental  tube  is  chilled  ;  and 
into  it  the  pile  pours  ite  heat,  a  swing  of  2(1°  in  the 
opposite  direction  beiiig  the  consequence. 

(454)  Instead  of  nitrous  oxide,  I  allow  oletiant  gas  to 
enter  the  exhausted  tube.  Vte  have  already  learned  that 
this  gas  is  highly  gifted  witji  the  power  of  ahsorptiou  and 
radiation.  Its  atoms  are  now  warmed,  and  every  one  of 
them  asserts  its  power ;  the  needle  swings  through  an  arc 
of  t)7°.  Let  it  waste  ita  beat,  and  let  the  needle  come  to 
zera  On  pumping  out,  the  chilling  of  the  gas  within 
the  tube  produces  a  deflection  of  40'  on  the  Bide  of 
cold.  We  have  certainly  here  a  key  to  the  solution  of  the 
enigmatical  eETects  observed  with  the  alcohol  and  other 
vapour. 

(455)  For  He  sake  of  convenience  we  may  cull  the 
beating  of  the  gaa  on  entering  the  vacuum  dynamic  heat- 
ing ;  its  radiation  may  be  called  dynamic  radiaiion,  and 
its  absorption,  when  it  is  chilled  by  pumping  out,  dynamic 
abaorption.  These  terras  being  understood,  the  following 
table  explains  itself.  In  each  case,  the  extreme  limit  to 
which  the  needle  swung,  on  the  entry  of  the  gas  into  the 
experimental  tube,  ia  recorded. 

Dynamic  liadiation  of  Qaaea. 


OxTSMi 7 

Hj>iliuKW 7 

Nilngrn 7 

Cubonte  oxldo                          ...  IS 

Ciirliouie  •cid  ......  31 

Kitroiu  oxide  ...         ...  SI 

OlcSautgu SS 

(456)  We  observe  thattho  order  of  the  radial ive  powers, 
determined  in  this  novel  way,  is  the  same  as  that  already 
obtained  from  a  totally  different  mode  of  exptrimcut.     It 
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must  be  borne  in  mind  that  the  discovery  of  dynamic 
radiation  is  quite  recent,  and  that  the  conditions  of  perfec 
accuracy  have  not  yet  been  developed;  it  is,  however, 
certain,  that  the  mode  of  experiment  is  susceptible  of  the 
highest  degree  of  precision. 

(457)  Let  us  now  turn  to  our  vapours,  ajid  while 
dealing  with  them  I  shall  endeavour  to  unite  two  effects 
which,  at  first  sight,  might  appear  utterly  incongruous. 
We  have  already  learned  that  a  polished  metal  surface 
emits  an  extremely  feeble  radiation :  but  that,  when  the 
same  surface  is  coated  with  varnish,  the  radiation  is  copious. 
In  the  communication  of  motion  to  the  ether  of  space,*  the 
atoms  of  the  metal  need  a  mediator,  and  this  they  find  in 
the  varnish.     You  may  varnish  a  inetallle  surface  by  a 


film  of  a  powerful  gas.     The  arraogemeut  before  you 
enables  me  to  cause  a  thin  stream  of  olefiant  gas  to  pass 


'e  could  chnngo  either 
iTcti  to  certain  TuUtile  liijuida  by 
'.  IB  difficult  to  aroid  ronfiuion  i: 
0  utterly  diverse. 


give 


ttio  QSB  of  th«  Btme  term  for 
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from  the  gasholder  a  (fig.  89}  through  a  slit  tube  a  b, 
over  the  heateil  surface  of  the  cube  c.  At  present  no  gae 
ittstiea,  and  the  radiation  from  c  is  iieiitriilised  by  that 
from  </ ;  but  now  I  pour  the  gaa  from  a  over  the  cube  c  ; 
and  though  the  surface  is  actually  cooled  by  the  passage 
of  the  gas,  for  the  gas  has  to  be  warmed  by  the  metal, 
the  effect  is  to  augment  considerably  the  radiation.  As 
soon  as  the  gas  begins  to  flow,  the  needle  begina  to 
move,  and  reaches  an  amplitude  of  45°, 

(458)  We  have  here  varnisbed  a  metal  liy  a  gas,  but  a 
more  interesting  and  subtle  effect  is  t/ie  vaniiehing  of  one 
ffiiseous  body  by  another.  This  flask  contains  acetic 
ether,  a  volatile,  and,  as  you  know,  a  highly  absorbent 
substance.  I  attach  the  flask  to  the  experimental  tube, 
and  permit  the  vapour  to  enter  it,  until  the  mercury 
column  has  been'  depressed  half  an  inch.  There  is  now 
vapour,  under  half  an  inch  of  pressure,  in  the  tube.  I 
intend  to  use  that  vapour  as  my  varnish ;  the  element 
oxygen,  instead  of  the  element  gold,  silver,  or  copper, 
being  the  substance  to  which  this  varnish  is  to  be  ap- 
plied. At  the  present  moment,  the  needle  is  at  zero; 
permitting  dry  oxj'gen  to  enter  the  tube,  the  gas  is 
dynamically  heated,  and  we  have  seen  its  incompetence 
to  radiate  its  heat ;  but  now  it  comes  into  contact  with 
the  acetic  ether  vapour,  and,  communicating  ita  beat- 
motion  to  the  vapour  by  direct  collision,  the  latter  ia 
able  to  send  on  the  motion  to  the  pile.  Observe  the 
needle — it  is  caused  to  awing  through  an  arc  of  70°  by 
the  radiation  from  the  vapour  molecules.  It  is  not  ne- 
cessary b)  insist  upon  the  fact,  that  in  this  experiment  the 
vapour  bears  precisely  the  same  relation  to  the  oxygen  as 
the  varnisb  to  the  metal,  in  our  former  experiments. 

(459)  Let  us  wait  a  little,  and  allow  the  vapour  to  pour 
sway  the  heat :  it  ia  the  dischaj^er  of  the  calorific  motion 
generated  by  the  oxygen — the  needle  is  again  at  7ero.     On 
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worfeing    the    pump,    the    vapour    within   the    tube 
chilled,  and  the  needle  swings  to  nearly  45°  on  the  othi 
side  of  zero.     In  this  way,  the  dynamic  radiation  and  ab- 
sorption of  the  vapours  mentioned  in  the  following  table 
have  been  determined ;    air,  however,  instead  of  oxygen, 
being  the  substance  employed  to  heat  the  vapour.     The 
limit  of  the  first  swing  of  the  needle  is  noted  as  before. 
Dynamic  Radialion  and  Absorption  of  Vapours. 


1.  Ui'iulplii.ie  of  carlKin  .          .         .  11=  .  .         .       6" 

2.  I.«ii<lB  of  mellijl  .        .20,  .         .8 

3.  Bl'MoI 30     .                   .14 

i,  lixMe  a!  iahy\                              .  H    ,                 .IB 

6.  MeLb^lic  ftlcobol                   .        .  33     .  .        .18 

6.  CMoride  of  Bmjl          .                 .  41     .  .        .23 

7.  Amylone 48    .  .        .26 

8.  Alcobal 50     .                 .SB 

9.  Sulphuric  othei                     .        .  64     .  .         .34 

10.  Fonnic  ether        .         .        .        .  09     .                 .38 

11.  Aci-licethfr                  .                 .  70     .                 .     -13 

(460)  We  have  here  used  eleven  different  kinds  of 
vapour,  as  varnish  for  our  air,  and  we  find  that  the 
dynamic  radiation  and  absorptioTi  augment  exactly  in  the 
order  established  by  experiments  with  external  sources  of 
heat.  We  also  see  how  beautifully  dynamic  radiation  and 
absorption  go  hand  in  band,  the  one  augmenting  and 
diminishing  with  the  other.  ^ 

(461)  The  smallness  of  the  quantities  of  matter  coo^^l 
cerned  in  some  of  these  actions  on  radiant  heat  has  baMW^| 
often  referred  to ;  and  I  ft"isb  now  to  describe  an  experi- 
ment, which  shall  furnish  a  more  striking  example  of  this 
kind  than  any  hitherto  brought  before  you.     The  absorp- 
tion of  bora^-ic  ether  vapour  (see  page  328)  exceeds  that 

of  any  other  substance  hitherto  examined ;  and  its  dy- 
radiation  may  be  presumed  to  be  commensurate. 
ixhaust  the  experimental  tube  as  perfectly  as 
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Bible,  and  introduce  into  it  a  quuntity  of  boracic  ether 
vapour,  BufiBoient  to  depress  the  mercury  column  ^th  of 
HD  inch.  The  barometer  ataucls  to-day  at  '60  inclies; 
hence,  the  presBure  of  the  ether  vapour  now  in  our  tube  is 
■j-J^th  of  an  atmosphere. 

On  sending  dry  air  into  the  tube,  the  vapour  is  warmed, 
and  the  dynamic  radiatioa  produces  the  deflection  56°, 

By  working  the  pump,  I  reduce  the  residup  of  air 
within  it  to  a  pressure  of  0-2  of  an  inch,  or  ji-^th  of  au 
atmoBphere.  A  portion  of  the  boracic  ether  vapour  re- 
mains of  course  in  the  tube,  the  pressure  of  this  residue 
being  the  y^th  part  of  that  of  the  vapour,  when  it  first 
entered  the  tube.  When  dry  air  is  permitted  to  enter,  the 
dynamic  radiation  of  the  residual  vapour  produces  a  de- 
flection of  42°. 

We  will  a^n  work  the  pump  till  the  pressure  of  the  air 
within  it  is  0-2  of  an  inch;  the  quantity  of  ether  vapour 
now  in  the  tube  being  x^Trth  of  that  present  in  the  last 
experiment.  The  dynamic  radiation  of  this  residue  gives 
a  deflection  of  20°. 

Two  aiiilitional  experiments,  conducted  in  the  same  way, 
gave  deflections  of  14°  and  10°  respectively.  The  question 
now  IB,  what  was  the  tenuity  of  the  boracic  ether  vapour 
when  this  last  deflection  was  obtained?  The  following 
table  contains  the  answer  to  this  question. 

Dynamic  RadiuHon  of  Boracic  £lhei: 


1 


tIb    "    life  " 


(4IJ2)  The  air  itself,  warming  the  interior  of  the  tube, 
produces,  as  we  bnve  seen,  a  deflection  of  7*;  hence  the 
entire  deflection  of  10"  was  not  due  to  the  radiation  of  the 
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vapour.  Deducting  7°,  it  would  leave  a  remainder  of  3°. 
But  supposing  we  entirely  omit  the  last  experiment,  we 
can  then  Lave  no  douht  that  at  least  half  the  deflection 
14°  is  due  to  the  residue  of  boracic  ether  vapour;  this 
we  find,  by  strict  measurement,  would  have  to  be  multi- 
plied by  ooe  thousand  millions,  to  bring  it  up  to  the 
pressure  of  ordinary  atmospheric  air. 

(4G3)  Another  reflection  here  presents  itself,  which  is 
worthy  of  our  couhi deration.  We  have  measured  the 
dynamic  radiation  of  olefiant  gas,  by  allowing  the  gas  to 
enter  our  tube,  until  the  Utter  was  quite  filled.  Let  us 
consider  the  state  of  the  warm  radiating  column  of  olefiant 
gas  in  this  experlmeut.  It  is  manifest,  that  those  portions 
of  the  column  most  distant  from  the  pile  must  radiate 
th-ougk  tJie  gas  in  front  of  them,  and,  in  this  forward 
portion  of  the  column  of  gas,  a  large  quantity  of  the  rays 
emitted  by  its  hinder  portioE  will  be  absorbed.  In  fact, 
it  is  quite  certain  that  if  we  made  our  column  sufficiently 
long,  the  frontal  portions  would  act  as  a  perfectly  im- 
penetrable screen  to  the  radiation  from  the  hinder  ones, 
Thus,  by  cutting  off  that  part  of  the  gaseous  column 
most  distant  from  the  pde,  we  might  diminish  only  in  a 
very  small  degree  the  amount  of  radiation  which  reaches, 
the  pile.  ^M 

(464)  Lotus  now  compare  the  dynamic  radiation  of  j^f 
vapour  with  that  of  olefiant  gas,  la  the  case  of  our  vapoTlT,'" 
we  use  only  0'5  of  an  inch  of  pressure,  hence  the  radiating 
molecules  of  the  vapour  are  much  wider  apart  than  those 
of  the  olefiant  gas,  under  60  times  the  pressure;  and, 
conaequently,  the  radiation  of  the  Iiinder  portions  of  the 
column  of  vapour  will  have  a  comparatively  open  door. 
through  which  to  reach  the  pile.  These  considerations 
render  it  manifest  that,  in  the  case  of  the  vapour,  a  greater 
tenfflh  of  tube  ia  available  for  radiation  than  in  the  case  of 
olefiant  gas.     This  leads  further  to  the  conclusion,  that  if 
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we  shorten  the  tube,  we  shall  diminish  the  radiatloa,  in 
the  case  of  the  vapour,  more  considerably  than  in  that 
of  the  gaa.  I^t  us  now  bring  our  reaaoning  to  tha  teat  of 
experiment. 

(465)  We  liavfi  foiind  the  dynamic  radiation  of  the 
following  four  substances,  when  the  radiating  column  was 
2  feet  9  inches  long,  to  be  represented  by  the  annesed 
deflections : — 

Olffiant  giw 63' 

Sulphuric  ethrr  vapgur     ....  64 

Fonnic  ether  „  .  .         ...  69 

Acetic  eihur  , 70 

oleftant  gus  giving  here  the  least  dynamic  radiation. 

(466)  Esperiment£  made,  in  precisely  the  same  manner, 
with  a  tube  3  inches  long,  or  ^th  of  the  former  length, 
gave  the  following  deflections : — 

OUflaatgas 30° 

Solphurie  elher  vapour     .        .        .        .11 


The  verification  of  onr  reasoning  is  therefore  complete. 
It  is  proved,  that  in  the  long  tube  the  dynamic  radiation  of 
the  vapour  exceeds  that  of  the  gas,  wliile  in  a  short  one  the 
dynamic  radiation  of  the  gas  exceeds  that  of  the  vapour. 
The  result  proves,  if  proof  were  needed,  that  though  dif- 
fused in  air,  the  vapour  molecules  are  really  the  centres  of 
radiation. 

(467)  Up  to  the  present  point,  I  have  purposely  omitted 
a  reference  to  the  most  important  vapour  of  all,  as  far 
as  our  world  is  concerned— the  vapour  of  water.  This 
vapour,  as  you  know,  is  always  dilTused  through  the 
atmosphere.  The  clearest  day  is  not  exempt  from  it: 
indeed,  in  the  Alps,  the  purest  skies  are  often  the  most 
treacherous,   the    blue   deepening   with   the    amount    of 
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aqueous  vapour  in  the  air.  It  is  needless,  therefore,  to 
remiud  you,  that  when  aqueous  vapour  is  spoken  of,  nothing 
visible  *9  meant;  it  is  not  fog;  it  is  not  cloud;  ii  is  not 
mist  of  any  kind.  These  are  formed  of  vapour  which  has 
been  condensed  to  water ;  but  the  true  vapour,  with  which 
we  have  to  deal,  ia  aa  impalpable  transparent  gas.  It  is 
diffused  everywhere  throughout  the  atmosphere,  though  in 
very  different  proportions. 

(468)  To  prove  the  existence  of  aqueous  vapour  in  the 
air  by  which  we  are  now  surrounded,  a  copper  vessel, 
filled  an  hour  ago  with  a  mixture  of  pounded  ice  and  salt, 
is  placed  in  front  of  the  table.  The  surface  of  the  vessel  was 
then  black,  but  it  is  now  white— furred  all  over  with  hoar- 
frost^ — produced  by  the  condensation,  and  subsequent  con- 
gelation upon  its  surface,  of  the  aqueous  vapour.  This 
white  substance  can  be  scraped  off;  as  the  frozen  vapour 
is  removed,  the  black  surface  of  the  vessel  reappears;  and 
now  a  sufficient  i]uantity  is  collected  to  form  a  respectable 
snowball.  Let  us  go  one  step  farther.  I  place  this  snow 
in  a  mould,  and  squeeze  it  before  you  into  a  cup  of  ice ; 
and  thus,  without  quitting  this  room,  we  have  experi- 
mentally illustrated  the  manufacture  of  glaciere,  from 
beginning  to  end.  On  the  plate  of  glass  used  to  cover 
the  vessel,  the  vapour  is  not  congealed,  but  it  is  condensed 
so  copiously,  that  when  the  plate  is  held  edgeways,  the 
water  runs  off  it  in  a  stream. 

(469)  The  quantity  of  this  vapour  is  small.     Oxyj 
and  nitrogen  constitute  about  99^  per  cent,  of  our  ati 
sphere;    of  the  remaining   OS,   about   0-45   is  aqueoua 
vapour;*    the  rest  ia  carbonic  acid.     Had  we  not   been 

■*  Thp  known  tenuitj  of  ttie  nquFOUs  vapnnr  of  Ihc  ntmosplii-rr  caiised 
Prof.  MagnuN,  wben  he  msdc  his  first  eiprniupnts  on  the  vapour  aS  the  ur, 
to  Buy  't!"'  it  iras  evident  beforphand  tliat  such  vsponr  eoiild  exrrt  uo 
KDsihlB  action.'  Had  he  approached  thd  Bubject,  us  we  huve  done  through 
the  foregoing  experiments,  to  cautious  &  pbiloiopher  wouJd  not,  I  thinfa,  bmve 
msde  this  si 
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already  acquainted  with  tbe  action  of  almost  in6iiitt;aiDial 
qutmtitk'S  of  matter  od  radiant  lieat,  we  might  well  despair 
of  being  able  to  eatabliati  a  measurable  action,  on  the 
part  of  the  aqueous  vapour  of  our  atmospbere.  Indeed,  I 
quite  neglecteii  the  action  of  this  substance  for  a  time, 
and  could  hardly  credit  my  first  result,  whicb  made  tbe 
action  of  the  aqueous  vapour  of  our  laboratory  fifteen  times 
that  of  the  air  in  which  it  was  diffused.  This,  however, 
by  no  means  expresses  tbe  true  relation  between  aqueous 
vapoTir  and  dry  air. 

(470)  To  illustrate  this  point,  our  first  arrangement,  shown 
iu  Plate  I.  has  been  resumed,  a  brass  tube  being  employed, 
and  two  sources  of  heat,  acting  on  the  opposite  faces  of  tbe 
pile.  The  experiment  with  dry  air  is  repeated,  by  per- 
mitting it  to  enter  the  experimental  cylinder.  The  needle 
does  not  move  sensibly.  If  close  to  it,  you  would  observe 
a  motion  through  about  oue  degree.  Could  we  gut  our  air 
quite  pure,  its  action  would  be  even  less  than  this.  Let  us 
again  puuip  out,  and  allow  the  air  of  this  room  to  euter 
the  esperimentui  cylinder  direct,  without  permitting  it  to 
puss  through  the  drying  apparatus.  The  needle,  you 
observe,  moves  as  the  air  enters,  and  the  tini^l  deflection  is 
4S°.  The  needle  will  point  steadily  to  this  figure,  as  long 
as  the  sources  of  beat  remain  constant,  and  as  lung  us  tbe 
uir  continues  in  the  tube.  These  48°  correspond  to  an  ab- 
sorption of  72;  that  in  to  say,  the  aqueouti  vapour  con- 
tiLined  iu  the  atmosphere  of  this  room  to-day  exerts  an 
action  ou  the  radiant  heat  72  times  as  powerful  as  that  of 
the  air  itself. 

(471)  This  result  is  obtained  with  perfect  ease,  still  not 
without  due  care.  In  comparing  dry  with  humid  air,  it  is 
perfectly  essential  that  the  substances  be  pure.  You  may 
work  for  months  with  an  imperfect  drying  apparatus,  and 
fail  to  obtain  air  which  shows  this  almost  total  absence  of 
action  on  radiant  heat.     An  auiount  of  organic  impurity 
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too  small  to  be  seen  by  tbe  eye,  is  suflficient  to  augment 
fiftyfold  the  action  of  the  air.  Knowing  the  effect  which 
an  almost  iofiQitesimal  amoimt  of  matter.  In  certain  cases, 
can  produce,  you  are  better  prepared  for  such  facts  than  I 
was,  when  they  first  forced  themselves  on  my  attention. 
The  experimental  result  which  we  have  just  obtained  will, 
if  true,  have  so  important  an  influence  on  the  science  of 
meteorology,  that,  before  it  is  admitted,  it  ought  to  be  sub- 
jected to  the  closest  scnitiny.  First  of  all,  then,  look  at 
this  piece  of  rocksalt  brought  in  from  the  next  room,  where 
it  has  stood  for  some  time  near  a  tank,  but  not  in  contact 
with  visible  moisture.  The  salt  is  wet;  it  is  a  hygroscopic 
substance,  and  freely  condenses  moisture  upon  its  surface. 
Here,  also,  is  a  polished  plate  of  the  substance,  which  is 
now  qiiite  dry :  I  breathe  upon  it,  and  instantly  its  affinity 
for  moisture  causes  the  vapour  of  my  breath  to  overspread 
the  surface,  in  a  film  which  exhibits  beautifully  the  colours 
of  thin  plates.*  Now  we  know,  from  a  former  table  (page 
303)  how  opaque  a  solution  of  rocksalt  is  to  the  calorific 
raya,  and  heace  arises  the  question  whether,  in  the  above 
experiment  with  undried  air,  we  may  not  in  reality  be 
measuring  the  action  of  a  thin  stratum  of  such  a  solution, 
deposited  on  our  plates  of  salt,  instead  of  the  pure  acttoti 
of  the  aqueous  vapour  of  the  air.  ^m 

(472)  If  we  operate  incautiously,  and,  more  particularlyvl 
if  it  he  our  actual  intention  to  wet  the  plates  of  salt,  we 
may  readily  obtain  the  deposition  of  moisture.  This  is  a 
point  on  which  any  competent  experimenter  will  soon  in- 
struct himself;  but  the  essence  of  good  experimenting 
consists   in  tbe   exclusion  of  circumstances  which  would 

•  Heceiring  the  beam  from  the  olnctriu  lamp  upon  the  polisbwl  plate  ot 
Bolt,  BO  a«  to  reflrtt  the  light  on  to  a  screen  ;  mid  placing  s  lens  in  front  of 
tbe  salt,  BO  B«  to  produce  an  image  of  its  polished  surface  on  the  ecreon ;  on 
brsathing  against  thi?  suit  through,  a  ghiss  tube,  rings  of  civid  iridescence 
instantly  fliuh  forth,  which  maj  b*  eeea  by  bundredB  at  once.  Tbe  order  gf 
tbe  colours  is  tbnc  of  yewlon's  rings. 
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render  the  pure  and  eimple  questiona  which  we  intend  to 
put  to  Nature,  impure  and  composite  ones.  The  first  way 
of  replying  to  the  doubt  here  raised  is  to  examine  our 
plates  of  salt;  if  the  experinmnts  have  been  properly  con- 
ducted, no  trace  of  moisture  ia  found  upon  the  surface. 
To  render  the  succesa  of  tiiia  experiment  more  certain,  we 
will  Mligbtly  alter  the  arrangement  of  our  apparatus. 
Hitherto  we  have  had  the  thermo-electric  pile  and  its 
two  reflectors  entirely  outside  the  experimeutal  cylinder. 
Taking  this  right-hand  reflector  from  the  pile,  and  re- 
moving this  plate  of  rocksalt,  I  push  the  reflector  into 
the  experimental  cylinder.  The  hollow  reflecting  cone  is 
'sprung'  at  its  base  ab  (fig,  90),  (this  is  our  former 
arrangement,  Plate  I,,  with  the  single  exception  that  one 


of  the  reflectors  of  the  pile  P  la  now  within  the  tube)  so 
that  it  is  held  tightly  by  its  own  preHsure  against  the 
inner  surface  of  the  cylinder.  The  space  between  the 
outer  surface  of  the  reflector  and  the  inner  surface  of 
the  tube  is  filled  with  fragments  of  fused  chloride  of  cal- 
cium, which  are  prevented  from  falling  out  by  a  little  screen 
of  wire-gauze.,  and  then  the  plate  of  salt  is  reattached. 
A{;fainflt  the  inner  surface  of  the  salt  the  narrow  end  of  the 
reflector  now  abuts.  Bringing  the  face  of  the  pile  close 
up  to  the  plate,  though  not  into  actual  contact  with  it. 
our  arrangement  ia  complete. 
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(473)  In  the  first  place,  it  ia  to  be  remarked,  that  the 
plate  of  salt  nearest  to  the  source  of  heat  is  never  moisteoeJ , 
uolesB  the  experiments  are  of  tlie  roughest  character.  Its 
proximity  to  the  source  enables  the  heat  to  chase  away 
every  triice  of  humidity  from  its  surface.  The  distant 
plate  is  the  one  in  danger,  and  now  we  have  the  circum- 
ferential portions  of  tiis  plate  kept  perfectly  dry  by  the 
chloride  of  calcium.  No  moist  air  can  at  all  reach  the  rim 
of  the  plate ;  while  upon  its  central  portion,  measuring 
about  a  square  inch  in  area,  we  hive  converged  our  entire 
radiation.  On  a  priori  grounds,  we  should  conclude 
that  it  is  quite  impossible  for  a  film  of  moisture  to 
collect  there;  and  this  conclusion  is  justified  by  fact. 
Testing,  as  before,  the  dried  and  the  undried  air  of  this 
room,  we  find,  as  in  the  former  instance,  that  the  latter 
produces  seventy  times  the  effect  of  the  former.  The  needle 
is  now  deflected,  by  the  absorption  of  the  undried  air; 
allowing  this  air  to  remain  in  the  tube,  we  will  unscrew  the 
plate  of  salt,  and  examine  its  surface.  We  may  even  use 
a  lens  for  this  purpose,  taking  care,  however,  that  the  breath 
does  not  strike  the  plate.  It  was  carefully  polished  when 
attached  to  the  tube ;  it  ia  perfectly  polished  now.  Glass, 
or  rock-crystal,  could  not  show  a  surface  more  exempt 
from  any  appearance  of  moisture.  When  a  dry  handker- 
chief placed  over  my  finger  ia  drawn  along  the  surface, 
no  trace  is  left  behind.  There  is  not  the  slightest 
deposition  of  moisture;  still,  we  see  that  absorption  has 
taken  place.  Tliis  experiment  is  conclusive  against  the 
hypothesis  that  the  effects  observed  are  due  to  a  film  of 
brine,  instead  of  to  aqueous  vapour. 

(474)  The  doubt  may  however  linger,  that  although  we 
are  unable  to  detect  the  film  of  moisture,  it  may  still  be 
there.  This  doubt  is  answered  in  the  following  way:  I 
detach  the  experimental  tube  from  the  front  chamber,  and 
remove  the  two  plates  of  rocksalt ;  the  tube  is  now  open 
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at  both  ends,  and  my  aim  will  be  to  introduce  dry  and 
moist  air  into  this  open  tube,  and  to  coDipare  their  effects 
upon  the  radiation.  And  here,  as  in  all  other  cases, 
the  practical  tact  of  the  experimenter  must  come  into 
play.  The  aource  on  the  one  hand,  and  the  pile  on  tbe 
other,  are  now  freely  exposed  to  the  air;  a  very  slight 
agitation,  acting  upon  either,  would  disturb,  and  might 
indeed  altogether  mask,  the  effect  we  seek.  The  air, 
then,  must  be  introduced  into  the  open  tube,  without 
producing  any  commotion,  either  near  the  source  or  near 
the  pile.  The  length  of  the  experimental  tube  is  now 
4  feet  3  inches;  at  c  (fig.  91)  is  &  cock  connected  with 
an  india-rubber  bag  containing  common  air,  and  subjected 
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by  a  weight  tj>  gentle  pressure ;  at  d  is  a  second  cock, 
connected  hy  a  flexible  tube,  f,  with  an  air-pump.  Between 
the  cock  c,  and  the  india-rubber  bag,  our  drying  tubes 
are  introduced :  and  when  that  cock  is  opened,  the  air 
is  forced  gently  through  the  drying  tubes  into  the  ex- 
perimental cylinder.  The  air  pump  is  slowly  worked  at 
the  same  time,  the  dry  air  being  thereby  drawn  towards 
II.  The  distance  of  c  from  the  source  s  is  18  inches,  and 
the  distance  of  D  from  the  pile  p  is  12inches:  tbe  compen- 
sating cube  c,  and  the  screen  n,  serve  the  same  purposes 
as  before.  By  thus  isolating  the  central  portion  of  the 
tube,  we  can  displace  dry  air  by  moist,  or  moist  air  by 
dry,  without  permitting  any  agitation  to  reach  either  the 
source  or  the  pile. 

(475)  At  present,  the  tube  is  filled  with  the  common  air 
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of  the  laboratory,  and  the  needle  of  the  galvanometer 
points  steadily  to  zero.  I  allow  air  to  pass  through  the 
drying  apparatus,  and  to  enter  the  open  tube  at  c,  the 
pump  being  worked  as  already  described,  Mark  the  effect. 
When  the  dry  air  enters,  the  needle  commences  moving, 
and  the  direction  of  its  motion  shows  that  more  heat  is 
now  passing  than  before.  The  substitution  of  dry  air  for 
the  air  of  the  laboratory  has  rendered  the  tube  more  trans- 
parent to  the  rays  of  heat.  The  final  deflection  thus 
obtained  is  45°.  Here  the  needle  steadily  remains,  and 
beyond  this  point  it  cannot  be  moved  by  any  further 
drawing  in  of  dry  air. 

(476)  Letnanowphut  off  the  supply  of  dry  air,  and  ceaae 
working  the  pump;  the  needle  sinks,  but  with  great  slow- 
ness, indicating  a  correspondingly  slow  diffusion  of  the 
aqueous  vapom'  of  the  adjacent  air  into  the  dry  air  of  the 
tube.  If  the  pump  be  worked,  the  removal  of  the  dry  air 
ia  hastened,  and  the  needle  sinks  more  speedily, ^it  now 
points  to  zero.  The  experiment  may  be  made  a  hundred 
limes  in  succession  without  any  deviation  from  this  result; 
on  the  entrance  of  the  dry  air,  the  needle  invariably  goes  up 
to  45°,  showing  augmented  transparency ;  on  the  entrance 
of  the  undried  air,  the  needle  sinks  to  0%  showing  aug- 
mented absorption. 

(477)  But  the  atmosphere  to-day  is  not  saturated  with 
moisture  hence,  if  saturated,  we  might  expect  to  find 
a  greater  action.  I  remove  the  drying  apparatus,  and 
put  in  its  place  a  U-tube,  filled  with  fragments  of  glass 
moistened  by  distilled  water.  Through  this  tube  air  is 
forced  from  the  india-rubber  bag,  the  pump  being  worked 
as  before.  We  are  now  displacing  the  humid  air  of  the 
laboratory  by  still  more  humid  air,  and  see  the  conse- 
quence. The  needle  moves  in  a  direction  which  indicates 
augmented  opacity,  the  final  deflectio    being  15°. 

(478)  Here,  then,  we  have  substantially  the  same  result 
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as  that  obtained  when  our  tube  was  atoppetl  with  plates 
of  rocksalt;  the  action,  therefore,  cannot  be  referred  to  a 
film  of  moifltiire  deposited  upon  the  surface  of  the  plfttea. 
And  he  it  remarked  tliat  there  is  not  the  slightest  caprice 
or  uncertainty  in  these  experiments  when  properly  con- 
ducted. They  have  been  executed  at  different  times  and 
seaflonn;  the  tube  has  been  dismounted  and  remounted; 
the  snggestions  of  eminent  raeu  who  have  seen  the  expe- 
riments, and  whose  object  it  was  to  test  tlie  results,  have 
been  complied  with ;  but  no  deviation  from  the  effects 
just  recorded  has  been  observed.  The  entrance  of  each 
kind  of  air  is  invariably  accompanied  by  its  characteristic 
action  ;  the  needle  is  under  the  most  complete  control ;  in 
short,  no  experiments  hitherto  made  with  solid  and  liquid 
bodies  are  more  certain  in  their  esecution  than  the  fore- 
going experiments  on  dry  and  humid  air. 

(479)  We  can  easily  estimate  the  percentage  of  tJia 
entire  radiation  absorbed  by  the  common  air,  between  the 
points  c  and  D.  Introducing  this  tin  screen  between  the 
experimental  cylinder  and  the  pile,  one  of  the  sources  of 
heat  is  entirely  shut  off.  The  deflection  produced  by 
the  other  source  indicates  the  totid  i-adiation.  This 
deflection  corresponds  to  about  780  of  the  units  which 
have  been  hitherto  adopted  ;  one  unit  i>eing  the  quantity 
of  heat  necessary  to  move  the  needle  from  0°  to  1°.  The 
deflection  of  45°  corresponds  to  62  units  ;  out  of  780, 
therefore,  62,  in  this  instance,  have  been  absorbed  by  the 
moist  air.  The  following  statement  gives  us  the  absorption 
per  hundred : — 

780  :  100=62  :  7-9 


An  absorption  of  nearly  fi  per  cent,  waa,  therefore,  effected 
bytheatnioepberic  vapour  which  occupied  the  tube  between 
C  and  n.  Air  perfectly/  BataiuUd  gives  a  still  greater 
absorption. 
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(480)  This  absorption  took  place,  notwithstanding  the 
partial  ai/iinif  of  the  heat,  iu  its  passage  from  the  source 
to  c,  and  from  D  to  the  pile.  The  moist  air,  moreover, 
was,  probably,  only  in  part  displaced  by  the  dry.  In  other 
experiments  with  a  tube  4  feet  long,  and  polished  within, 

(  found  that  the  atmospheric  vapour,  on  a  day  of 
average  dryness,  absorbed  over  10  per  cent,  of  the  rudiation 
from  our  source.  Regarding  the  earth  as  a  source  of  heat, 
no  doubt  at,  least  10  per  cent,  of  its  heat  is  intercepted 
within  ten  feet  of  the  surface,*  This  single  fact  Buggeat§ 
the  enormous  influence  which  this  newly-deveioped  pro- 
perty of  aqueous  vapour  must  have  in  the  phenomena  of 
meteorology. 

(480o)  But  we  have  not  yet  disposed  of  all  objections. 
It  has  been  intimated  to  me  that  the  air  of  our  laboratory 
might  be  impure ;  the  suspended  carbon  particles  of  the 
London  air  have  also  been  referred  to,  as  a  possible  cause 
of  the  absorption  ascribed  to  aqueous  vapour.  The  results, 
however,  were  obtained,  when  the  apparatus  was  removed 
from  the  laboratory — they  are  obtainable  in  tbia  room. 
Air,  moreover,  was  brought  from  the  following  localities 
in  impervious  bags  : — Hyde  Park,  Primrose  Hill,  Hamp- 
stead  Heath,  Epsom  Downs  (near  the  Grand  Stand);  a 
field  near  Newport,  Isle  of  Wight ;  St.  Catharine's  Down, 
Isle  of  Wight ;  the  eeabeach  near  Black  Gang  Chine. 
The  at^rteovs  vapour  of  the  air  from  all  these  localities, 
examined  in  the  vaual  way,  exerted  an  absorption 
seventy  times  that  of  the  air  in  which  tJie  vapour  it-as 
diffused. 

(48 1 )  Again,  I  experimented  thus.  The  air  of  the  labo- 
ratory was  dried  and  purified,  until  its  absorption  fell  below 
unity;  this  purified  air  was  then  led  through  a  U-tube, 

I  with  fragments  of  perfectly  clean  glass   moistened 

I,  the  ftlisorptioii,  I  have  r 


rtaaoD  to  bolieif%^B 
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with  distilled  water.  Its  neutrality,  when  dry,  showed 
that  all  prejudicial  Giihstances  had  been  removed  from 
it,  and  in  passing  through  the  U-tuhe,  it  could  take  up 
nothing  but  the  pure  vapour  of  water.  The  vapour  thus 
carried  into  the  experimental  tuhe  produced  an  action 
ninety  times  greater  than  that  of  the  air  which  carried 


(482)  But  fair  and  philosophic  criticism  does  not  end 
even  here.  The  tube  with  which  these  experiments  were 
made  is  polished  within,  and  it  might  be  surmised  that  the 
vapour  of  the  humid  air  had,  on  entering,  deposited  itself 
upon  the  interior  surface  of  the  tube,  th»ia  diminishing 
its  reflective  power,  and  producing  an  effect  apparently 
the  same  as  absorption.  To  this  it  may  in  the  first  place 
be  replied  that  the  amount  of  heat  intercepted  is  propor- 
tional to  the  quantity  of  air  present.  This  is  shown  by 
the  following  table,  which  gives  the  absorption,  by  humid 
air,  at  pressures  varying  from  5  to  30  inches  of  mer- 
cury : — 

Humid  Air. 


(483)  The  third  column  of  this  table  is  calculated  on 
the  a.sstimption  that  the  absorption  is  proportional  to  the 
quantity  of  vapour  in  the  tube,  and  the  agreement  of  the 
calculated  and  observed  results  shows  this  to  be  the  csBe, 
within  the  limits  of  the  experiment.  It  cannot  be  sup- 
posed that  effects  so  regular  as  these,  and  agreeing  so 
completely  with  those  obtained  with  small  quantities  of 
other  vapours,  and  even  with  small  qiuu  '  e  per- 
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manent  gaees,  can  be  due  to  the  coodensation  of  the 
vapour  on  the  interior  surfuce.  When,  moreover,  five 
inches  of  air  were  in  the  tiilie,  less  than  one-sixth  of  the 
vapour  necessary  to  saturate  the  space  was  present.  The 
driest  day  would  make  no  approach  to  this  dryness. 
That  condensation,  especially  condensation  which  should 
d&stroy,  by  its  action  upon  the  inner  reflector,  quantities 
of  heat  so  accurately  proportional  to  the  quantities  of 
matter  present,  should  here  occur  is  scajceiy  to  be  thought 
of. 

(484)  My  desire,  however,  was  to  take  this  important 
question  quite  out  of  the  domain  of  mere  reasoning,  how- 
ever strong  this  might  be.  It  was  therefore  resolved  to 
abandon  not  only  the  plates  of  rocksalt  but  also  the  ex- 
perimental tube  itself,  and  to  displace  one  portion  of  the 
free  atmosphere  by  another.  With  this  view,  the  following 
arrangement  was  made :  0  (fig.  92),  a  cube  of  boiling 
water,  is  our  source  of  heat.  T  ia  a  hollow  brass  cylinder 
set  upright,  3*5  inches  wide,  and  7*5  inches  high.  P  is 
the  thermo-electric  pile,  and  c'  a  compensating  cube, 
between  which  and  P  is  an  adjusting  screen,  to  regulate 
the  amount  of  beat  falling  on  the  posterior  surface  of 
the  pile.  The  whole  arrangement  was  surrounded  by  a 
hoarding,  the  space  within  which  was  divided  into  compart- 
ments by  sheets  of  tin,  and  tJiese  spaces  were  stuffed 
loosely  with  paper  or  horsehair.  These  precautions,  which 
required  time  to  be  learned,  were  necessary  to  prevent  the 
formation  of  local  air-currents,  and  al.so  to  intercept  the 
irregular  action  of  the  external  air.  The  efi"ect  to  be 
measured  here  is  very  small,  and  hence  the  necessity  of 
removing  all  causes  of  disturbance,  which  could  possibly 
interfere  with  its  clearness  and  purity. 

(485)  A  rose-burner  r  was  placed  at  the  bottom  of  the 
cylinder  t,  and  from  it  a  tube  passed  to  an  india-rubber 
bag  containing  air.     The  cylinder  t  was  first  filled  with 
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fragments  of  rock-crystal,  moistened  with  distilled  water. 
On  subjecting  the  india-rubber  bag  to  pressure,  the  air 
was  gently  forced  up  among  the  fragments  of  quartz, 
and  having  there  charged  itself  with  vapour,  it  was  dia- 
charged  in  the  space  l>etween  the  cube  c  and  the  pile. 
Previous  to  this  the  needle  stood  at  ztro  :   but  on  the 


zzx 


C^fl^ 


emergence  of  the  saturated  air  from  the  cylinder,  the  needle 
moved  and  took  up  a  final  deflection  of  5  degrees.  The 
direction  of  the  deflection  showed  that  the  opacity  of  the 
space,  between  the  source  o  and  the  pile,  vss  augmented 
by  the  saturated  air, 

(486)  The  quartz  fragments  were  now  removed,  and 
the  cylinder  filled  with  fragments  of  fresh  chloride  of 
calcium,  through  which  the  air  was  gently  forced,  exactly 
as  in  the  last  experiment.  Now,  however,  in  passing 
through  the  chloride  of  calcium,  it  was,  in  great  part, 
robbed  of  its  aqueous  vapour ;  and  the  air,  thus  dried,  dis- 
■  placed  the  common  air  between  the  source  and  the  pile. 
The  needle  moveil,  declaring  a  permanent  deflection  of  10 
degrees  ;  the  direction  of  the  deflection  showed  that  the 
transparency  of  the  space  was  augmented  by  the  presence 
of  the  dry  air.     By  properly  timing  the  discharges  of  the 
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air,  the  swing  of  the  needle  could  be  augmented  to  15  or 
20  degrees.  Repetition  showed  no  deviation  from  this 
result ;  the  saturated  air  always  augmented  the  opacity,  the 
dry  air  always  augmented  the  transparency  of  the  space 
between  the  source  and  the  pile.  Not  only,  therefore,  have 
the  plates  of  roeksalt  been  abandoned,  but  also  the  esperi- 
mental  tube  itaelf ;  and  the  results  are  all  perfectly  con- 
current, as  regards  the  action  of  aqueous  vapour  upon 
radiant  heat.  ^J 

(486rt)  Many  remarkable  corroborations  of  these  viem^| 
have  been  published  by  that  excellent  meteorologiH^  • 
Col.  Richard  Strachey,  of  the  Royal  Engineers.  And 
his  testimony  is  all  the  more  valuable,  as  it  is  based  on 
observations  made  long  before  the  property  of  aqueous 
vapour  here  developed  wels  kuown  to  have  an  existence. 
From  his  important  paper,  published  in  the  Philosophical 
JIagaziue  for  July  1866,  I  estract  a  single  representative 
series  of  observations,  made  between  the  4th  and  the  25th 
of  March  1850;  during  which  period 'the  sky  remained 
remarkably  clear,  while  great  variations  in  the  quantity  of 
vapour  took  place.'  The  first  column  of  figures  gives  the 
tension  of  aqueous  vapour,  and  the  second  the  fall  of  the 
thermometer  from  6.40  p.m.  to  5.40  a.m.  ^^M 

TouIdii  o(  ntwni  FkII  of  UtcrmoselcT  ^^^| 

O'gie 7-1  ^^H 

^^H 

o-74a  s-a  ^^M 

10-3  ^^^H 

12-6     ^^^^^^H 

, 12'1      ^^^^^^^H 

I3'l     ^^^^^^H 

16-5     ^^^^^^H 

The   general   result  is   here   unmistakable.      In   clear 
nights  the  fall  of  the  thermometer,  which  is  an  expression 
of  tlie   energy  of  the   radiation,  is   determined  by  tha    ^ 
amoimt  of  transparent  aqueous   vapour  in  the  air,     Tb^^H 
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presence  of  the  vapour  checks  the  loss  by  radiatioD, 
while  its  removal  favours  radiation  and  promotes  the  noc- 
turnal chill. 

(487)  We  shall  eubsequently  add  another  powerful 
proof  to  those  here  given.  Were  the  subject  leae  im- 
portant, I  should  not  have  dwelt  upon  it  so  long.  It  was 
thought  right  to  remove  as  far  as  possible  every  ohjection, 
so  that  meteorologists  might  apply,  without  the  faintest 
misgiving,  the  results  of  experiment,  The  applications 
of  these  results  to  their  science  must  be  inuumerable ; 
and  here  I  cannot  but  regret  that  the  incompleteness 
of  my  knowledge  prevents  mo  from  making  the  proper 
applications  myself.  I  would,  however,  ask  your  per- 
mission to  refer  to  such  points  as  can  now  be  called  to 
mind,  with  which  the  facts  just  established  appear  tu  be 
more  or  less  intimately  connected. 

(488)  And,  first,  it  is  to  be  remarked,  that  the  vapour 
which  absorbs  heat  thus  greedily,  radiates  it  copiously. 
This  fact  must  come  powerfully  into  play  in  the  tropics. 

'  that  the  sun  raises  from  the  equatorial  ocean 
quantities  of  vapour,  and  that  immediately 
under  him,  in  the  region  of  calms,  the  rain,  due  to  the 
condensation  of  the  vapour,  descends  in  deluges.  Hitherto, 
this  has  been  ascribed  to  the  chilling  which  accompanies 
tbe  expansion  of  ascending  air;  and  no  doubt  this,  as 
a  true  cause,  must  produce  it«  proportional  effect.  But 
the  radiation  from  the  vapour  itself  must  also  be  influ- 
entiiil.  Imagine  a  column  of  saturiited  air  ascending 
from  the  equatorial  ocean;  for  a  time,  the  vapour  en- 
tangled in  this  air  is  surrounded  by  air  almost  fully  satu- 
rated. I'he  ascending  vapour  radiates,  but  it  radiates 
into  tbe  surrounding  vapour;  and  to  the  radiation  from 
any  vapour,  that  same  vapour,  as  proved  by  Kirchhoff, 
is  particularly  opaque.  Hence,  for  a  time,  the  radiation 
from  our  ascending  column  is  intercepted,  and  in  gre 
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part  returned,  by  the  surrounding  vapour ;  condensation 
under  such  drcumatanceB  is  rendered  difficult.  But  the 
quantity  of  aqueous  vapour  in  the  air  diininlBhes  speedily  as 
we  ascend ;  the  decrement  of  its  tension,  as  proved  by  the 
observations  of  Hooker,  Strachey,  and  Welsh,  is  irnich 
more  speedy  than  that  of  the  air;  and  finally,  onr  va- 
porous column  finds  itself  elevated  beyond  the  protecting 
screen  which,  during  the  first  portion  of  its  ascent,  was 
spread  above  it.  It  is  now  in  the  presence  of  pure  space, 
and  into  space  it  pours  its  heat,  without  stoppage  or 
requital.  To  the  lo.ss  of  heat  thus  eudiu-ed,  the  conden- 
sation of  the  vapour,  and  its  torrential  descent  to  the 
earth,  must  certainly  be  in  part  ascribed. 

(489)  Similar  remarks  apply  to  the  formation  of  cumuli 
in  our  own  latitudes;  they  are  the  heads  of  columns 
of  vapour,  which  rise  from  the  earth's  surface,  and  are 
precipitated  as  soon  as  they  reach  a  certain  elevation. 
Thus,  the  visible  cloud  forms  the  capital  of  an  invisible 
pillar  of  saturated  air.  Certainly  the  top  of  such  a  column, 
raised  above  the  lower  vapour-screen  which  clasps  the  earth, 
and  offering  itself  to  space,  must  be  chilled  by  radiation  ; 
in  this  action  alone  we  have  to  some  extent  a  physical  cauae 
for  the  generation  of  clouds. 

(490)  Mountains  act  as  condensers,  partly  by  the  cold- 
ness of  their  own  masses ;  which  they  owe  to  their  elevation. 
Above  them  spreads  no  vapour-screen  of  sufficient  density 
to  intercept  their  beat,  which  consequently  gushes  un- 
requited into  space.  When  the  sun  is  withdrawn,  this 
loss  is  shown  by  the  quick  descent  of  the  thermometer. 
The  descent  is  not  due  to  radiation  from  the  air,  but  to 
radiation  from  the  earth,  or  from  the  thermometer  itself. 
Thus,  the  difference  between  a  thermometer  which,  properly 
confined,  gives  the  true  temperature  of  the  night  air,  and 
one  which  is  permitted  to  radiate  freely  towards  space, 
must  be  greater  at  high  elevations  than  at  low  ones.    This 
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couclusion  18  entirely  confirmed  by  obeervatiou.  On  the 
Grand  Plateau  of  Mont  Blanc,  for  example,  MM.  Martins 
and  Bravuis  found  tliu  diETerence  between  two  sucli  tber- 
mometera  to  be  24°  Fahr. ;  wbfiQ  a  difference  of  only  10° 
was  obwerved  at  Ohamouni. 

(491)  But  mountains  also  act  as  condensers,  by  the 
deflection  upwards  of  moist  winds,  and  the  consequent 
expansion  of  the  air.  The  chilling  thus  produced  is  the 
same  as  that  which  accompanies  the  direct  ascent  of  a 
column  of  warm  air  into  the  atmosphere;  the  t-levated  air 
performs  work,  and  its  beat  is  correspondingly  consumed. 
But,  in  addition  to  these  causes,  we  must  take  into 
account  the  radiant  power  of  the  moist  air,  nben  thus 
tilted  upwards.  It  is  thereby  lifted  beyond  the  protection 
of  the  aqueous  layer  which  lies  close  to  the  earth,  and 
therefore  pours  its  heat  freely  into  space,  thus  effecting 
its  own  condensation.  No  doubt,  t  think,  con  be  enter- 
tained, that  the  extraordinary  energy  of  water  as  a  radiant, 
in  all  ilB  slatea  of  a(}gregation,  must  play  a  powerful  part 
in  a  mountain  region.  As  vapour,  it  pours  its  heat  into 
space,  and  promotes  condensation  ;  an  liquid,  it  pours  its 
beat  into  xpace,  and  promotes  congelation ;  as  snow,  it 
pours  its  beat  into  space,  and  thus  converts  the  surfaces  oo 
which  it  falls  into  more  powerful  condensers  than  they 
otherwise  would  be.  Of  the  numerous  wonderful  properties 
of  water,  not  the  least  Important  is  this  extraordinary  power 
which  it  possesses,  of  discharging  the  motion  of  heat  upon 
the  interstellar  ether. 

(4!)2)  A  freedom  of  escape,  similar  to  that  from  bodies  of 
vapour  at  great  elevations,  would  occur  at  the  earth's  sur- 
face generally,  were  the  aqueous  vapour  removed  from 
the  air  above  it,  for  the  great  body  of  the  atmosphere  is  a 
practical  vacuum,  as  regards  the  transmission  of  radiant 
heat.  The  withdrawal  of  the  sun  from  any  region  over 
which  the  atmosphere  is  dry,  must  be  followed  by  quick 
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refrigeration.  The  moon  would  be  rendered  entirely  un- 
inbabitable  by  beings  like  ourselves  through  the  operation 
of  thia  single  cause;  with  a  radiation,  uninterrupted  by 
aqueous  vapour,  the  difference  between  her  monthly 
maxima  and  minima  must  be  enormous.  The  winters 
of  Thibet  are  almost  unendurable,  from  the  same  cause. 
Witness  how  the  isothermal  lines  dip  from  the  north  into 
Asia,  in  winter,  as  a'  proof  of  the  low  temperature  of 
thifi  region.  Humboldt  baa  dwelt  upon  the  '  frigorific 
power '  of  the  central  portions  of  this  continent,  and 
controverted  the  idea  that  it  was  to  be  explained  by 
reference  to  the  elevation;  there  being  vast  expanses  of 
country,  not  much  above  the  sea-Ievet,  with  an  exceed- 
ingly low  temperature.  But  not  knowing  the  influence 
which  we  are  now  studying,  Humboldt,  I  imagine,  omit- 
ted tbe  most  potent  cause  of  the  cold.  The  refrigeration 
at  night  is  extreme  when  the  air  is  dry.  The  removal, 
for  a  single  summer  night,  of  the  aqueous  vapour  from 
tbe  atmosphere  which  covers  England,  would  be  attended 
by  tbe  destruction  of  every  plant  which  a  freezing  tem- 
perature could  kill.  In  Sahara,  where  'the  soil  is  tire 
and  the  wind  is  flame,'  the  cold  at  night  is  often 
painful  to  bear.  Ice  has  been  formed  in  thia  region  at 
night.  In  Australia,  also,  the  diurnal  range  of  tem- 
perature is  very  great,  amounting,  commonly,  to  between 
40  and  50  degrees.  In  short,  it  may  be  safely  predicted, 
that  wherever  tbe  air  is  dry,  the  daily  tbermometric  range 
will  be  great.  This,  however,  is  quite  different  from  saying 
that  where  the  air  is  clear,  the  thermonietric  range  will  be 
great.  Great  clearness  to  light  is  perfectly  compatible 
with  great  opacity  to  heat ;  the  atmosphere  may  be  charged 
with  aqueous  vapour  while  a  deep  blue  sky  is  oyerbeaflJI 
and  on  such  occasions  the  terrestrial  radiation  would,  not 
withstanding  tbe  '  clearness,'  be  intercepted. 
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(493)  And  here  we  are  led  to  ;in  easy  explanation  i 
a  fact  whicb  evidently  perplexed  Sir  Juhn  Leslie.  TL: 
celebrated  experimenter  constructed  an  f,(,.  03. 
instrument  which  he  named  an  a-thrio- 
scope,  the  function  of  which  was  to  de- 
termine the  radiation  ogainet  the  eky. 
It  consisted  of  two  glass  bulbs  united  by 
a  vertical  glass  tube,  so  narrow  that  a 
little  column  of  liquid  was  supported  in 
the  tube  l>y  its  own  adhei^ion.  The  lower 
buU)  D  (fig.  93)  was  protected  by  a  me- 
tallic envelope,  and  gave  Ihe  temperature 
of  the  air;  the  upper  bulb  »  was  black- 
ened, and  waa  surrounded  by  a  raetalllo 
cup  c,  which  protected  the  bulb  from 
terre.'^trial  radiation. 

(494)  'This  instrument,'  says  its  in- 
ventor, '  exposed  to  the  open  air  in  clear 
weather,  will  at  all  times,  both  during 
the  day  and  the  night,  indicate  an  i 
pression  of  cold  shot  downwaids  from 
the  liigher  regions.  .  .  .  The  sensibility  of  the  instni- 
meot  is  very  striking,  for  the  liquor  incessantly  falls  and 
rises  in  the  stem  witli  every  passing  cloud.  But  the  cause 
of  its  variations  does  not  alwara  appear  so  obvious.  Under 
a  fine  blue  sky  the  mUwiveciype  will  sometimes  indicate  a 
cold  of  50  millesimal  degrees ;  yet  on  other  days,  when 
the  air  aefvi9  equally  bright,  the  effect  is  hardly  30°,' 
This  anomaly  is  simply  due  to  the  difference  in  the  quantity 
of  aqueous  vapour  present  in  the  atmosphere.  Indeed, 
Leslie  himself  connects  tlie  effect  with  aqueous  vapour  in 
these  words:  'The  pressure  of  hygrometric  moisture  in  the 
air  probably  affects  the  inatrument,'  It  is  not,  however, 
the  '  pressure  '  •  that  is  effective ;  the  presence  of  invisible 

■  Pumiblj  Uie  ironl  '  prosEure '  is  a.  migprinl  for  '  presenco.' 
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vapour  iDtercepted  the  radiation  from  the  sethrioGCope, 
while  its  absence  opened  a  door  for  the  eacape  of  this 
radiation  into  space.  An  regarda  experiments  on  terres- 
trial radiation,  a  new  definition  will  have  to  be  given  for 
'a  clear  day;'  it  is  manifest,  for  example,  that  in  experi- 
ments with  the  pyrhelio meter,*  two  days  of  equal  viuual 
clearness  may  give  totally  different  results.  We  are  also 
enabled  to  account  for  the  faet  that  the  radiation  from  this 
insti'ument  ia  often  intercepted,  when  no  cloud  is  seen. 
Could  we,  however,  make  the  constituents  of  the  atmo- 
sphere, its  vapour  included,  objects  of  vision,  we  should  see 
sufficient  to  account  for  this  result. 

(495)  Another  interesting  point,  on  which  this  subject 
has  a  bearing,  is  the  theory  of  airein.  '  Most  authors,'  writes 
Melluni,  'attribute  to  the  cold,  resulting  from  the  radia- 
tion of  the  air,  the  excessively  fine  rain  which  sometimes 
falls  in  a  clear  sky,  during  the  fine  season,  a  few  moments 
after  sunset.'  '  But,'  he  continues,  '  as  no  fact  is  yet 
known  which  directly  proves  the  emissive  power  of  pure 
and  transparent  elastic  fluida,f  it  appears  to  me  more  con- 
formable,' &c.  &c.  If  the  difficulty  here  urged  against 
the  theory  of  serein,  he  its  only  one,  the  theory  will  stand, 
for  transparent  elastic  fluids  are  now  proved  to  possess  the 
power  of  radiation  which  the  theory  assumes.  It  is  not, 
however,  to  radiation  from  the  air  that  the  chilling  can  be 
ascribed,  but  to  radiation  from  the  body  itself,  whose  con- 
densation produces  the  sireiiu 

(-196)  Let  me  add  the  remark,  that  as  far  as  I  can  at 
present  judge,  aqueous  vapour  and  liijuid  water  absorb 
the  same  class  of  rays ;  this  is  another  way  of  stating 
that  the  colour  of  pure  water  is  shared  by  its  vapour. 
In  virtue  of  aqueous  vapour,  the  atmosphere  is  therefore 
a  blue  medium.     It  has  been  remarked,  that  the  colour 

•  ThB  inBtnimenl  is  described  in  Chapter  XIU. 

t  Tbia  Btalamont  iadicutes  the  state  of  the  scienee  of  thennaticB  in 
reference  to  the  giueauB  form  of  mattw  when  these  less&rchea  vers  bt^un. 
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of  the  firmamental  blue,  and  of  diBtant  hills,  deepens 
with  the  amount  of  aqueous  vapour  in  the  air ;  but  the 
substance  which  produces  a  vaHafwn  of  depth  must  be 
eflfective  as  an  origin  of  colour.  Whether  the  azure  of 
the  sky — the  most  difficult  question  of  meteorology, — 
is  to  be  thus  accounted  for,  I  will  not  at  present  stop  to 
enquire.* 

*  In  connection  with  the  investigation  of  the  radiation  and  absorption  of 
heat  bj  gases  and  vapours,  it  gives  me  pleasure  to  refer  to  the  prompt  and 
intelligent  aid  rendered  mo  by  Mr.  Becker,  of  the  firm  of  £lliott*8,  West 
Strand.  Mr.  Becker  is  well  acquainted  with  the  apparatus  necessary  for 
those  experiments. 

The  fear  of  being  led  too  far  from  my  subject  causes  me  to  withhold  all 
speculation  as  to  the  cause  of  atmospheric  polarisation.  I  may,  howeTcr, 
remark,  that  the  polarisation  of  heat  was  illustrated  by  means  of  the  mica 
piles  with  which  Professor  (now  Principal)  J.  D.  Forbes  first  succeeded  in 
KKtablishing  the  fact  of  polarisation. 
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APPENDIX    TO   CHAPTER    X 


EXTRACTS   FROM   A   DISCOURSE  'ON  R.4DIATI0N  TflROUOH 
THE  EARTH'S  ATMOSPHKKE." 


'  NoBODV  ever  obtoined  the  iiiea  of  a  line  from  Euclid's  definiiioa 
of  it—"  length  without  breadth."  The  iden  ie  obtained  fivm  a 
real  phj-Bicai  line,  drawn  by  u.  pen  or  pencil,  and  iherefore  poe- 
seaaing  width  ;  ihia  idea  being  afterwards  brought,  by  a  process 
of  ubHtractioD,  more  nearly  into  accordance  with  the  conditionH 
of  the  definition.  So,  also,  with  regard  to  phyaical  phenomena : 
we  must  help  ourselves  to  a  conception  of  the  invisible,  by  means 
of  proper  images  derived  from  the  visible,  ailerwards  purifying 
■ptiooB  to  the  ueedfiit  extent,  Definiteness  of  conception, 
though  at  some  expense  to  delicacy,  is  of  the  gri^Cest  utility 
th  physical  phenonienu.  Indeed,  it  jiiuy  be  qnes- 
tioned  whether  a  miud  trained  in  physical  research  can  at  all  enjoy 
peace,  without  having  made  clear  to  itaelf  some  possible  way  of 
conceiving  those  operations  which  lie  beyond  the  boundaries  of 
sense,  and  in  which  sensible  phenomena  originate. 

'When  we  Bi)ealt  of  radiation  through  the  atmosphere,  we 
ought  to  be  able  to  affix  definite  physical  ideas,  both  to  the  term 
atmoaphere  and  tlie  terra  radiation.  It  is  well  known  tliat  our 
atmosphere  is  mainly  composed  of  tlie  two  elements,  oxygen  and 
nitrogen.  These  elementary  atoms  may  be  figured  as  smaJi 
spheres,  scattered  thickly  in  the  space  which  immediately  gur- 
rotinda  the  earih.  They  constitute  about  99^  per  cent,  of  the 
iphere.  Mixed  with  these  atoms,  wo  have  others  of  a  totally 
different  character  ;  we  have  the  molecules,  or  atomic  groups,  of 
carbonic  acid,  of  ammonia,  and  of  aqueous  vapour.  In  these 
s  atoms  have  coalesced,  forming  little  Bystems  of 
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■turns.  The  molecule  of  aqueous  vapour.  Tor  exatDjile,  coniuBtH 
of  two  atom H  of  hydrogen,  unittU  to  one  of  oxygen  ;  und  tlicv 
mingle,  UB  little  Irinds,  among  the  monads  of  oxygen  and  nitrogen 
which  constitute  the  great  roasB  of  the  atmosphere. 

'  These  atoms  and  moleculea  are  separate,  but  they  are  embraced 
by  a  common  medium.  Within  our  atmosphere  exists  a  second 
and  a  finer  atmosphere,  in  which  the  atoms  of  oxygen  and 
nitrogen  hang  like  suspended  grains.  This  finer  atmosphere 
unites  not  only  atom  with  atom,  but  Mar  with  star;  and  tlie  light 
of  all  Mins,  and  of  nil  stars,  in  in  reality  a  kind  of  music,  pro- 
pagated through  this  iuierstellar  air.  This  iiuage  muxt  be  clearly 
seized,  and  then  we  have  to  advanue  a  step.  We  must  not  only 
figure  our  atoms  suspended  in  lliis  niedium,  but  vibrating  in  it. 
In  this  luodon  of  ^le  atoms  consists  what  wc  call  their  heat. 
"  What  is  heat  in  us,"  as  Locke  has  perfectly  expressed  it,  "  is 
in  the  iKxly  healed  nothing  btit  motion."  WeU,  we  must  Ggure 
this  motion  communicated  to  the  mi'dium  in  whieli  the  atoms 
swing,  and  sent  in  ripples  through  it,  with  inconceivable  velocity, 
to  the  bounds  of  space.  Motion  in  this  form,  unconnected  with 
ordinary  matter,  but  8|)eeding  through  the  interstellar  medium, 
receivcM  the  nnmn  of  Radiant  Heat;  and,  if  competent  to  excite 
the  nerves  of  vision,  we  call  it  Light. 

'  A(iueouB  vapour  was  defined  to  be  an  invisible  gas.  Vapour 
Wfis  jiormittod  to  isme  liorizontjilly  with  considerable  force  fmm 
II  tube  coimect«d  with  a  small  boiler.  The  track  of  the  cloud 
of  condensed  steam  was  vividly  illuminated  by  the  electric  light. 
What  waa  »een,  however,  was  not  vajiour,  but  vapour  ciindensed 
to  wat«r.  Beyond  the  visible  end  of  llii:  jet,  tlie  cloud  rcHoIvod 
ilsolf  into  true  vapour  A  lamp  was  placed  under  the  jet,  at 
VHrious  points;  the  ck>ud  wna  cut  sharply  off  at  that  point,  and 
when  tlie  flnino  was  placed  near  the  efllu\  oriliee,  the  cloud 
entirely  disappeared.  The  hi<at  or  the  lamp  completely  prevented 
precipitation.  This  same  vapour  was  coudeiised  uiid  congealed 
on  the  surface  of  a  vessel  containing  a  freezing  mixture,  from 
which  it  was  Bcraped,  in  quantities  sufficient  to  form  a  small 
snowball.  The  beam  of  the  electric  lamp,  moreover,  was  sent 
tltrough  a  large  reeeivur  placed  on  an  air-pump.  A  single 
stroke  of  the  pump  caused  tlie  precipitation  of  the  aqueous 
vapour  within,  which  beimme  beautifully  illuminated  by  the 
beam  i  while,  upon  a  xreen  behind,  a  richly- coloured  h:ilo,  due 
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to  diflraction  by  the  little  cltiu']  witLiii  tlie  recoivtr,  tlaslte<l 
forth. 

'  The  waves  of  heal  speed  from  our  earth  through  the  alnionphere 
townrde  spnce.  These  waves  dash  in  t)ieir  ]iuenage  againat  the 
utiims  of  oxygen  und  nitrogen,  nnd  agaiiint  the  molecules  ol' 
vii]iour.  Tliinly  xcatti'red  bb  these  latler  are,  we  might 
ntttuiHily  ihiuk  meanly  of  tliem,  a»  barriers  to  the  waves  of  heal. 
We  might  imngine  ihnt  the  wide  spaces  between  tlie  THpoui- 
molecules  would  be  an  open  door  for  the  pansage  of  tlie  undii- 
and  that  if  those  waves  were  at  all  intercepted,  it  would 
lie  by  ihe  substances  which  form  UO^  per  cent,  of  the  wliole 
atmosphere.  Thi'ee  or  four  yeato  ago,  however,  it  was  found 
by  the  tipeakcr  dint  thiR  small  modicum  of  aqueous  vapour 
ipted  (ilteon  limes  the  (quantity  of  heut  stopped  by  iLe 
whole  of  the  air  ia  which  it  was  diffused.  It  was  afterwards 
found  tlittt  tlie  dry  air  then  esperiniented  with  w;is  not  perfectly 
pure  J  and  that  the  purer  the  air  became,  the  more  it  approached 
the  character  of  a  vacuum,  and  the  greater,  by  comparison, 
became  the  action  of  the  aqueous  vapour.  The  vapour  wa*> 
found  to  net  with  30,  40,  50,  fiO,  70  timss  the  energy  of  the  nir 
in  which  it  was  diffused ;  and  no  doubt  was  entertained  that  thi- 
vapour  of  the  air  which  filled  tlie  Koyal  Institution 
theatre,  during  the  deliveiy  of  the  discourse,  absorbed  90  or  100 
the  quantity  of  radiant  heat  which  was  absorbed  by  the 
body  of  the  air  of  the  room.  Looking  at  the  single  atoms. 
fur  every  200  of  oxygen  and  nitrogen  there  is  about  I  of  aqueoQ^ 
vapour.  This  I  is  80  times  more  powerfid  than  tlie  200 ;  and 
hence,  comparing  a  single  attim  of  oxygen  or  nitrogen  with  u 
fainglc  atom  of  aqueou-s  vapfjur,  we  may  inler  that  the  action  of 
the  latter  is  16,000  times  llmt  of  the  Ibrmer. 

'  No  doubt  can  exist  of  ;he  extraordinary  opacity  of  thb  suh- 
stance  to  the  ruys  of  obiwure  heat;  particularly  such  rays  us 
ure  emitted  by  the  earth,  after  being  warmed  by  the  sun. 
Aqueotia  vapour  is  a  blanket,  more  necessary  to  the  vege- 
table life  of  England  than  clotliing  is  to  man.  Remove  for  a 
single  summer-night  the  aqueous  vapour  from  the  nir  which 
Dverapreads  this  country,  and  you  would  assuredly  destroy  erery 
plant  capable  of  being  destroyed  by  a  freezing  temperature.  The 
th  of  our  fields  and  gardens  would  pour  itself  unrequited 
into  space,  and  the  sun  would  risL-  upon  an  inland  held  fast  in  the 
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iron  grip  ot'  ftoat.  The  nqui^iis  rapcmr  constitutes  u  Jocal  dam, 
by  wliicli  the  tempt'ratare  at  the  earth's  Burfuce  is  deepened :  the 
dam,  however,  fiimlly  overflows,  und  we  f^ive  to  apuce  all  that  We 
receive  from  the  sun. 

'  The  8un  raises  the  vnpours  of  the  cjuatorial  ocean ;  ihcy  rise, 
but  for  u  time  a  vapour  scn-en  apreada  above  and  around  them. 
But  the  )iigher  they  riu-,  the  more  they  come  into  the  [iresemM^ 
of  purii  spate;  and  when,  by  ilieir  levity,  thty  Iinve  penetrated 
the  vnpoiir  screen,  which  lies  close  to  the  eiirth's  surface,  what 
miwt  occur  7 

'  It  has  been  mid  that,  compnretl  atom  for  atom,  the  ab»oipCion 
of  an  ntoui  of  a>|ueoUH  vapour  is  16,000  times  that  of  air.  Now 
the  power  to  absorb  and  the  power  to  mdiute  are  perfectly 
reciproc&I  and  proportional,  The  atom  of  oiiueous  vajiuur  will 
thdreforc  radiate  with  lf>,0(IU  times  the  energy  of  an  atom  of  sir. 
tmagina,  iheu,  this  powerful  radiant  in  the  presence  of  apace,  and 
with  no  Bcreen  above  it  to  uheclc  its  radiation.  Into  epacfi  it 
])ourfl  ita  heat,  cliilU  itsi^lf,  condenses,  and  the  tropical  torrents 
tire  the  uonru'ini.-nce.  Ths  expansion  of  the  air,  no  doubt,  also 
refrignrales  it;  but  in  accoimtiug  for  dL'tiigea,  the  chilling  of 
the  vapour  by  ita  own  radiation  must  play  «  inosil  important 
part.  I'liB  ruin  (juila  the  ocean  as  vapour;  returns  to  it  na 
water.  How  are  the  vaxt  atorea  of  heat,  set  lri>i<  by  the  change 
from  the  vaporous  to  the  liquid  condition,  dis|Kued  of?  Donbtlosa, 
in  great  part,  they  arc  wa.'(t(>d  by  nutiatinn  into  spaco.  Similar 
remarks  apply  to  the  cumuli  of  our  latitudea.  The  warmed  air, 
charged  with  vapour,  risen  in  columns,  so  as  to  penetrate  the 
vapour  screen  which  hugs  the  earth  i  iu  the  presence  nf  spaee, 
the  head  of  eiich  pillar  wuatcs  itx  heat  by  radiation.  coudcttBOH  Iu 
a  cumulus,  which  constitutes  the  visible  citpilal  of  an  invisible 
colunm  of  i>atnratcd  air.  Numlverlnas  other  meteorological  phe- 
nomena receive  their  Kolution  by  rererenee  to  the  radiant  and 
iihsorl)cnt  pTojKTtics  of  aijut-oua  vapour.' 

Tlie  nidiaut  power  of  a  vajiour  ia  pro  port  ioiuil  to  ita  absorbent 
power.  Kxperimenta  on  the  dynamic  radiation  of  dried  and  nn- 
dried  air  jirovo  the  superiority  of  the  latter  ub  a  ndiator.  The 
following  experiment,  performed  by  Dr.  FVaokland  in  the  theatre 
of  the  Kuyal  lastitutiou,  showed  the  cflecl  to  a  liirge  audience, 
A  charcoal  chauffer,  14  inches  high  and  G  inches  in  diameter,  wan 
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a  fi'ont  of  a  lliernio-electiic  pile,  and  at  n  diatanee  ft 
it  of  two  feet.  The  nuliatlon  trom  the  cbanlfer  irself  wim  JDMrti 
wtpted  by  a  metallic  screen.  The  deflection  due  to  iLe 
from  the  ascending  column  of  hot  carbonic  acid  was  then  care^ 
Itiltjr  neutralised  by  a  uonslant  source  of  heat,  radiating  against 
ihe  opposite  face  cl'lhe  pile.  A  current  of  steam  was  then  Ibrced 
;»lly  llirougli  the  chauffer.  The  dellectioo  of  the  galrano- 
meter  was  prompt  and  powerful.  When  the  current  of  ateam 
was  interrupted,  the  needle  relurncd  to  zero.  When,  instead 
of  H  currciil  of  Bteam,  a  ciuTenl  of  jiir  was  forced  through  the 
cfaauflcr,  the  slight  effect  produced  showed  the  pile  lo  be  chille<l 
instead  of  warmed.  In  this  experiment  Dr.  Frankland  com- 
pared aqueous  vapour,  not  with  air,  but  with  ilie  more  powerful 
eitrbonie  acid,  and  demonstrated  the  sujieriurity  of  the  vapour  iis 
a  radiator.* 

The  following  remarkable  passage  from  Hooker's  '  HinuUsyan 
Journul»,'  1st  edit.  vol.  ii.  p.  407,  also  bears  upon  the  pi 
Huhjeot :  '  From  a  inullitude  of  desultory  observations  I  con 
that,  fll  7,400  feet,  125*7°,  or  C""  above  the  temperature  of 
air,  is  the  average  effect  of  the  sun's  rays  on  a  black  btilb 
mometer.     .     .     .     These  results,  though  greatly  Bl>ove   thi 
obtained  at  Calcurta,  nre  not  much,  if  at  all,  nbove  what  aiay 
ubservL-d  on  the  plains  of  India.     The  effect  is  much  iacreued 
elevation.     At   10,000  feet,  in  December,  at  'J  a.m.,  I  aai 
mercury  mount  to  132°,  while  the  temperature  of  shaded 
hard  by  was  22°.     At  13,100  feet,  in  January,  at  9  B.m,,  i 
stood  at  98°,  with  a  ditFerence  of  G8  2!,  and  at  10  a.in.  at  114^ 
with  a  difference  of  81'4'',  mhiUt  tlie  radiating  tkermometer  on 
tnom  kad/a/len  at  saiirise  lo  0-7°.' 

ThcHe  enormous  differences  between  tlic  shadtnl  and  tlie 
Khaded  air,  and  between  tlie  air  and  the  snnw,  arc,  no  doubti 
to  the  comparative  nhsr-nce  of  aqueous  vapour  at  those  elevstit 
The  air  is  incompetent  to  check  either  the  solar  or  the  temsli 
radiation,  and  hence  the  ma.xinium  heat  in  the  sun  and  the  mi 
mum  cold  in  the  shade  must  stand  very  wide  apart.     The  di 

Calcuitu  and  the  plaiuH  of  India  is  uccotmted  for  ^ 

Dr.  Livingstone,  in  his  '  Travels  in  Sourh  Africa,'  hns  gir^ 
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some  striking  examplea  of  tlie  diRerence  in  notturnal  cliilliDg 
when  the  air  is  dry  and  when  laden  with  moisture,  Thus  he 
findn  in  South  Central  Africa  during  tlie  inotith  of  June,  '  the 
thermometer  early  in  the  mornings  at  from  42°  to  52°;  at  noon, 
94°  to  ilS",'  or  a  mean  difference  of  48,"  between  eunriBe  wnd 
midday.  The  range  wuuld  probably  have  hL^on  found  stjll 
greater  had  not  the  thermonieler  biian  placed  in  the  Hliadu  of  his 
tent,  which  was  pitehed  under  the  ihickeat  tre«  he  could  find. 
He  addtk,  moreover,  '  the  aensatian  of  cold  after  the  heal  of  the 
day  was  very  keen.  Thii  Bdonda  althiaseaaon  never  leave  their 
fires  till  nine  or  ten  in  the  morning.  Aa  the  cold  was  bo  great 
here,  it  waa  probably  frosty  at  Linyanti ;  1  therefore  feared  to 
expote  my  young  trees  there."  •■ 

Dr.  LivingstoDU  aAerwarda  crosHes  the  continent  and  rcochea 
the  river  Zambesi  at  the  beginning  of  the  year.  Here  the  ther- 
mometric  range  is  reduced  from  48°  to  12°.  He  thiia  dettcribua 
the  oh«nge  he  felt  on  entering  Uie  valley  of  the  river :  '  Wo 
were  struck  by  the  fact,  thnt  as  soon  aa  wo  came  Iwtween  the 
range  of  bills  which  flank  the  Zumbeai,  the  r.iins  felt  warm.  At 
sunrise  the  thermotnet«r  stood  at  finin  8i*  to  86°  ;  at  midday,  in 
the  coolest  shade,  namely,  in  my  little  tent,  under  a  wlindy  tree, 
at  W  to  98° :  and  at  sunset  at  86".  This  is  different  Iroai  an)'- 
thing  we  experienced  in  the  interior.'  f 

I'roceedinj^  towards  the  mouth  of  the  river,  on  January  IG  ho 
makes  tliv  following  additional  oWrvation :  'The  Znmhest  is 
very  broad  here  (at  ZumlKi),  but  containa  many  inliabiiod  islands. 
Wb  slirpl  oppostto  one  ou  llie  Ifith,  railed  Stiiliimgii.  The  nights 
are  warm,  iJie  toniperaluro  never  falling  below  80°;  it  was  91° 
even  at  itunsct.  One  cnnnoi  eoul  the  water  by  u  wet  towel 
round  the  vmael.     .     .     .'  { 

In  Central  Australia  the  daily  range  of  the  thermometer  is 
dtill  greater.  The  following  extract  is  from  a  |>aper  by  Mr,  W, 
S.  Jevons  *  On  some  Data  concerning  the  Climato  of  Australia 
and  New  Zealand';  ' .  .  .  In  the  interior  of  the  contiacnl  of 
Austnlia  ilie  tliictuutions  of  temperature  arc  imraenady  increued. 
The  heat  of  the  air,  aa  described  by  Captain  Sturt,  is  fearful 
duriDg  summer ;  thua,  in  about  lot.  SO'  bV  8.,  and  Ion. 
141°  18'  E.,  he  writes :  "  The  thermometer  every  day  ruse  tu 
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lia"  ur  llfi°  in  ilie  sbade,  wliiisi  iri  the  direct  rays  of  the  sun 
from  140°  to  150°."  Again,  "at  a  quarter  pHst  three  p.in.  on 
Jauuary  21  (1S45),  the  thermometer  had  ^i^4>a  to  131°  in  the 
sbade,  and  to  154°  in  the  direct  nys  of  the  mm."  ...  In  tlie 
wiulur  the  thermometer  waa  observed  as  low  uh  '14°,  giving  an 
extreme  range  of  107°. 

'  The  rinctimtions  of  temperature  were  often  rery  great  and 
suddcD,  and  werQ  severely  felL  On  one  occuaion  (October  25), 
the  temperature  rose  to  1 10°  during  the  day,  but  a  squall  coming 
on,  it  fell  to  38°  at  tlie  following  aunrise ;  it  thus  varied  72°  iu 
IcM  than  twenty -fiiur  hours.  .  .  .  Mitchell,  on  his  last  journey  to 
the  N.W.  interior,  bad  very  cold  frosty  nights.  On  May  22,  the 
thermometer  Btiiod  at  I'l"  in  the  open  air.  .  .  .  Still,  in  the 
day  time,  the  air  ivaa  warm,  and  the  daily  range  of  tempt-ratiire 
was  enormous.  Thus,  on  June  2,  the  tlierniometer  rose  from 
11°  at  suiiriae  to  (i7°  at  torn'  p.m. ;  or  through  a  range  of  JiC. 
Un  June  12,  the  range  was  53°,  and  on  many  other  days  nearly 
as  gri-at.' 

Even  at  Sydney  the  average  dally  range  of  the  thermometer  is 
'21°,  whilst  at  Greenwich  the  average  range  is  only  17°.  '  It  iLtie 
appears  that  even  close  to  the  ocean  tlie  mean  daily  range  ol' 
the  Australian  climate  is  very  considerable.  It  U  least  in  the 
autumn  and  greatest  during  the  cloudlL'Sti  days  of  spring.'  After 
j^iving  a  table  of  the  seasonal  variation  of  the  rainlall  in  Australia. 
Mr.  Jevons  remarks  tiiat  '  it  is  plainly  shown  that  the  most  r^ny 
Reason  of  the  year  on  the  east  coast  is  the  autumn,  that  ia,  the 
three  months,  March,  April,  May.  The  apring  season  appears 
tlie  driest,  summer  and  winter  being  intermediate.' 

Without  quitting  Europe,  we  lind  places  where,  while  the  day 
temperature  is  very  high,  the  hour  before  sunrise  is  intensely 
cold.  1  have  ollcn  experienced  this  in  tlie  post-wagens  of 
(iermauy;  and  I  am  informed  that  the  Hungarian  peasants,  if 
exposed  at  ni)jht,  take  cure,  even  in  hot  weather,  to  protect 
tiiemsclves  by  heavy  cloaks  agaiuHt  the  nocturnal  chill.  The 
observations  cf  MM.  Bravais  and  Martins  on  the  Grand  Plateau 
of  Mont  Blanc  have  been  already  referred  lo.  M.  Martina  has 
recent'y  added  to  our  knowledge  by  making  observutions  on  llie 
heating  of  the  anil  at  great  elevatlouEi,  and  finds  on  the  Huiiimtt  of 
the  Pic  du  Midi  the  heat  of  the  soil  expoaod  to  the  sun,  abuvu 
that  of  the  air,  to  be  twice  as  great  as  in  the  valley  at  the  biiau 
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of  the  mountain.  *  The  immense  heating  of  the  soil,'  writes 
M.  Murtins,  *  compared  with  that  of  the  air  on  high  mountains,  is 
the  more  remarkable,  since,  during  the  nights,  the  cooling  by 
radiation  is  there  much  greater  than  in  the  plain/  The  obser- 
vations of  the  Messrs.  Schlagentweit  furnish,  if  I  mistiikc  not, 
many  illustrations  of  the  action  of  acjueous  vapour ;  and  I  do  not 
doubt,  that  the  more  this  question  is  tested,  the  more  clearly  will 
it  appear  that  the  radiant  and  absorbent  ix)wers  of  this  substance 
enable  it  to  play  a  most  important  part  in  the  phenomena  of 
in«-'toon>K»«rv. 


(497)  rPHE  natural  philosophy  of  the  future  will  cer- 
i-  tiiinly  for  the  most  part  consist  in  the  inves- 
tigation of  the  relations  subsisting  between  the  ordinary 
matter  of  the  universe  and  the  wnnderful  ether  in  which 
this  matter  is  immersed.  Kegarding  the  motions  of  the 
ether  itself,  the  optical  inveetigatious  of  the  last  half  cen- 
tury leave  nothing  to  he  desired  ;  but  regarding  the  atoms 
and  moleculen,  whence  isMiie  the  undulations  of  light  and 
heat,  and  their  relations  to  the  medium  in  which  they 
move,  and  by  which  they  are  set  in  motion,  these  investi- 
gations teach  U8  little.  To  come  closer  to  the  origin  of  the 
ethereal  wavea — to  obtain,  if  poseible,  some  experimental 
hold  of  the  oscillating  atoms  themselves^haa  been  the 
main  object  of  those  researches  on  the  radiation  and 
absorption  of  heat  by  gases  and  vapours,  which,  in  brief 
outline,  have  been  sketched  before  you. 

(498)  These  entjuiries  have  made  known  the  enormous 
lififerences  existing  between  ditferent  gaseous  molecule*,  ti 
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regards  their  power  of  emittiu^  and  absorbing  radiunt  beat. 
When  a  gas  is  condensed  to  a  liquid,  the  molecules  ap- 
proucli  and  grapple  with  each  other,  by  forces  which  are  in- 
sensible as  long  as  the  gaaeouH  state  is  maintained.  But 
though  thus  condensed  and  enthralled,  the  all-pervading 
ether  still  surrounds  the  molecules.  If,  then,  the  power 
of  r&diation  and  absorption  depend  upon  them  indivi- 
tlually,  we  may  expect  that  the  deportmeut  towards  riulinnL 
heat  of  the  free  molecule  will  maintain  itself  after  that 
nioleciilB  has  relinquished  its  freedom  and  formed  part 
of  a  liquid.  If,  on  the  other  hand,  the  state  of  aggre- 
gation be  of  paramount  importance,  we  may  expei-t  to 
tiud,  on  the  part  of  liquids,  a  deportment  altogether  dif- 
ferent from  that  of  their  vapours.  Which  of  these  views 
eorrespondfl  with  the  truth  "f  nature,  we  have  now  to 
enquire. 

(499)  Melloni  examined  the  diathermancy  of  varioua 
liquids,  but  be  employed  for  this  purpose  the  fiauie  of  an 
oil-lamp,  covered  by  a  glass  chimney.  His  liquids,  more- 
over, were  contained  in  glass  cells;  henec,  the  radiation 
was  profoundly  modified  before  it  entered  the  liquid  at  all, 
glass  being  impervious  to  a  considerable  part  of  the  emis- 
sion. Melliiui  moreover  did  not  occupy  himself  with  the 
questions  of  molecular  physics,  which  to  us  are  of  para- 
mount interest.  In  the  examination  of  the  question  now 
before  us,  it  wa^  my  wish  to  interfere  as  little  as  possible 
with  the  primitive  emission,  and  an  apparatus  was  there- 
fore devised  iu  which  a  layer  of  liquid,  of  any  thickness. 
could  be  encln.H-d  between  two  polished  p]iit«s  of  rucksalt. 

(500)  The  apparatus  consists  of  the  following  parts: — 
ABC  (fig.  94)  is  a  plate  of  brass,  3-4  inches  long,  2' 1  inches 
wide,  and  0*3  of  an  inch  thiclt.  Into  it,  at  lU.  corners,  are 
rigidly  fixed  four  upright  pillars,  furnished  at  the  top  with 
screws,  for  the  reception  of  the  nuts  q  r  s  t.  n  e  r  is  a 
second  plate  of  brass,  of  the  same  size  as  the  former,  and 


1  '35  inch  in  diameter,  o  h  i  is  a  third  plate  of  brass,  of 
the  same  area  as  n  e  f,  and,  like  it,  having  its  centre  and 
its  corners  perforated.  The  plate  o  ii  i  is  intended  to 
separate  the  two  plates  of  rocksalt  which  are  to  form  the 
walls  of  the  cell,  and  its  thickness  determines  that  of  the 
liquid  layer.  The  separating  plate  g  ii  i  was  gruiind  with 
the  utmost  accuracy,  and  the  surfncea  of  the  plates  of  salt 
were  polished  with  extreme  care,  with  a  view  to  rendering 
the  contact  between  the  s;i[t  and  the  brass  water-tight.  In 
practice,  however,  it  vas  found  necessary  to  introduce 
washers  of  thin  letter-paper  between  the  plates  of  salt  and 
the  separating  plate. 
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(.'iOl)  Id  arraiigiiijj  thp  ceil  fi»r  experiment,  the  nuts 
I  r  ai  are  uuscrewed,  and  a  washer  of  iiidia>rul)ber  is  first 
j.lacod  ou  A  B  c.  Ou  thin  wasber  is  placed  oue  of  the 
pliites  of  rockfialt.  On  the  plate  of  rocksalt  is  laid  the 
washer  of  lett«r-pnper,  and  on  this  again  the  separating 
plate  G  ir  I.  A  second  washer  of  paper  is  placed  on  IIiim 
plale,  then  comes  the  second  plate  of  Halt,  on  which 
iiriiithcr  india-rulilier  washer  is  Iwd.  The  plate  n  e  F  is 
finally  slipped  over  the  cohimn.o,  and  the  whole  arrangt— 
iijent  is  tightly  screwed  together  by  the  nuU  q  r  »  I. 

(502)  Thus,  when  the  platoa  of  rocksall  are  in  position, 
a  circular  space,  as  wide  as  the  plate  n  tt  i  is  thick,  is  en- 
closud  between  them,  and  thin  space  can  be  filled  with  any 
liipiid  through  the  orifice  k.  The  use  of  the  india-rubbi-r 
washers  is  to  relieve  the  crushing  pressure  whicii  would  be 
applied  to  the  plates  of  mlt,  if  they  were  in  actual  contact 
wilhthe  brass;  and  the  use  of  the  paper  washers  is,  aa 
already  explained,  to  render  the  cell  liquid-tight-  After 
each  experiment,  the  apparatus  is  unscrewed,  the  plates  of 
Halt  are  removed  and  thoroughly  cleani«ed:  the  cell  ia 
ibon  remounted,  and  in  two  or  three  minuter  all  is  ready 
I'lir  a  new  experiment. 

(."iOSi  My  next  necessity  was  a  perfectly  steady  fiuiirci- 
iif  heat,  of  sufficient  intensity  to  penetrate  the  most 
absorbent  of  the  lirjuids  to  be  subjected  to  examination. 
This  was  found  in  a  spiral  of  platinum  wire,  rendered  in- 
owdcscent  by  an  electric  current.  The  frequent  use  of 
this  source  led  to  the  cnuBtmction  of  the  lump  shown  in 
tig.  95.  A  is  a  globe  of  glass  three  inches  in  diameter,  fixed 
upon  a  stand,  which  eau  be  raiiu^d  and  lowei;pd.  At  the 
top  of  the  gli)be  ia  an  ofiening,  into  which  a  cork  is  fitted, 
and  through  the  cork  pass  two  wires,  the  ends  of  which  are 
united  by  the  platinum  spiral  e.  The  wires  are  carried 
down  Ui  the  binding  screws  a  h,  which  are  fixed  in  the  foot 
of  the  stand,  so  that  when  the  instrument  is  attached  to  the 
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battery,  no  atrain  is  ever  exerted  on  tlie  wires  which  carry 
the  spiral.  The  ends  of  the  thick  wire  to  which  tlie  spiral 
is  attached  are  also  of  stout  platinum,  for  when  it  was 
attached  to  copper  wires  unsteadiness  was  introduced 
through  oxidation.  The  heat  issues  from  the  incandescent 
spiral  bj  the  opening  d,  which  is  un   inch  and  a  half  in 


diameter.  Behind  the  spiral,  finally,  is  a  metallic  re- 
flector, r,  which  augments  the  flux  of  heat  without  sen- 
Hibly  changing  its  quality.  In  the  open  air  the  red-hot 
spiral  IB  a  capricious  source  of  heat,  hut  surrounded  by  itG 
glass  globe  its  steadiness  is  admirable.* 

(504)  The  whole  experimental  arrangement  will  be  im- 
mediately understood  from  the  sketch  given  in  fig,  96.    A 

■  I  have  liad  alao  lamps  conBtrncled  in  wliJrb  the  spiral  wa*  placed  in 
i-acoo,  iW  rajB  passing  to  eitfinal  «piKe  tbrongh  a  plale  ot  rocksalu  Their 
uleadineaa  is  parfect. 
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is  the  platinum  lamp  just  described,  heated  by  a  current 
from  a  Grove's  battery  of  five  cells.  Means  were  devised 
to  render  this  lamp  perfectly  constant  throughout  the  day. 
In  front  of  the  spiral,  and  with  an  interior  reflecting  sur- 
face, is  the  tube  B,  through  which  the  heat  passes  to  the 
rocksalt  cell  c.  This  cell  is  placed  on  a  little  stage, 
soldered  to  the  back  of  the  perforated  screen  s  s',  so  that 
the  heat,  after  having  crossed  the  cell,  passes  through  the 
hole  in  the  screen,  and  afterwards  impinges  on  the  thermo- 
electric pile  P.  The  pile  is  placed  at  some  distance  from 
the  screen  s  s',  so  as  to  render  the  temperature  of  the  cell 
c  itself  of  no  account,  (f  is  the  compensating  cube,  con- 
taining water  kept  boiling  by  steam  from  the  pipe  p. 
Between  the  cube  d  and  the  pile  P  is  the  screen  q,  which 
regulates  the  amount  of  heat  falling  on  the  posterior  face 
of  the  pile.  The  whole  arrangement  is  here  exposed, 
but,  in  practice,  the  pile  p  and  the  cube  c'  are  carefully 
protected  from  the  capricious  action  of  the  surrounding  air. 
(505)  The  experiments  are  thus  performed.  The  empty 
rocksalt  cell  c  being  placed  on  its  stage,  a  double  silvered 
screen,  (not  shown  in  the  figure)  is  first  introduced  between 
the  end  of  the  tube  b  and  the  cell  c ;  the  heat  of  the  spiral 
being  thus  totally  cut  off,  and  the  pile  subjected  to  the 
action  of  the  cube  c'  alone.  By  means  of  the  screen  q,  the 
heat  received  by  the  pile  from  c,  is  reduced  until  the  total 
lieat  to  be  adopted  throughout  the  series  of  exf>eriment8  is 
obtained :  say,  that  it  is  sufficient  to  produce  a  galvano- 
metric  deflection  of  50  degrees.  The  double  screen  used  to 
intercept  the  radiation  from  the  spiral  is  then  gradually 
withdrawn,  until  this  radiation  completely  neutralises  that 
from  the  cube  (/,  and  the  needle  of  the  galvanometer 
points  steadily  to  zero.  The  position  of  the  double  screens, 
once  fixed,  remains  subsequently  unchanged.  The  rays 
iu  the  first  instance  pass  fiom  the  spiral  through  the 
empty  rocksalt  cell.     A  small  funnel,  supported  by  a  suit- 
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able  stand,  dips  into  the  aperture  which  leads  into  the  cell, 
and  through  this  the  liquid  is  poured.  The  introduction  of 
the  liquid  destroys  the  previous  equilibrium,  the  galvano- 
meter needle  moves,  and  finally  assumes  a  steady  deflection. 
From  this  deflection  we  can  immediately  calculate  the 
quantity  of  heat  absorbed  by  the  liquid,  and  express  it  in 
hundredths  of  the  entire  radiation. 

(506)  The  experiments  were  executed  with  eleven  dif- 
ferent liquids,  employing  each  liquid  in  five  different 
thicknesses.  The  results  are  collected  together  in  the 
following  table : — 


Absorption  op  Heat  by  Liquids. 

Source 

OF  Heat:  Platinum  Spiral 

RAISED  TO  BRIGHT  REDNESS  BT   ▲ 

Voltaic  Current. 

TbAdmess  of  liqaid  in  porU  of  an  inch 

Liquid 

002 

004 

0C7 

014 

0-27 

Bisulphide  of  carbon     . 

6-6 

8-4 

12-5 

16-2 

17-3 

Chloroform  . 

• 

16-6 

260 

350 

400 

44-8 

Iodide  of  methyl  . 

361 

46-5 

63-2 

66-2 

68-6 

Iodide  of  ethyl 

38-2 

60-7 

690 

690 

71-6 

Benzol. 

43-4 

66-7 

62-6 

71-6 

73-6 

Amylene 

58-3 

65-2 

73-6 

77-7 

82-3 

Sulphuric  ether 

63-3 

73-6 

761 

78-6 

86-2 

Acetic  ether . 

740 

78(> 

820 

861 

torraic  ether 

66-2 

768 

790 

840 

870 

.  Alcohol 

67-3 

78-6 

83-6 

86-3 

891 

Water  . 

80-7 

86-1 

88-8 

910 

910 

(507)  Here,  for  a  thickness  of  0*02  of  an  inch  we  find 
the  absorption  varying  from  a  minimum  of  5'5  per  cent,  in 
the  case  of  bisulphide  of  carbon,  to  a  maximum  of  80*7  per 
cent,  in  the  case  of  water.  The  bisulphide  therefore  trans- 
mits 94'5  per  cent.,  while  the  water — a  liquid  equally 
transparent  to  light — transmits  only  19'3  per  cent,  of  the 
entire  radiation.  At  all  thicknesses,  water,  it  will  be  ob- 
served, asserts  its  predominance.  Next  to  it,  as  an 
absorbent,  stands  alcohol ;  a  body  which  also  resembles  it 
chemically. 

c  c 
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(508)  As  liquids,  then,  those  bodies  are  shown  to  pos- 
sess very  different  capacities  of  intercepting  the  beat 
nitted  by  our  radiating  source;  and  we  have  next  to 
enquire  whether  these  dififerences  continue,  after  tlie 
molecnles  have  been  released  from  the  bond  of  cohesion 
and  reduced  to  the  state  of  vapour.  We  must,  of  course, 
test  tlie  vapours  by  waves  of  the  same  period  as  those 
applied  to  the  liquids,  and  this  our  mode  of  experiment 
renders  easy  of  accomplishment.  The  heat  generated  in  a 
e  by  a  current  of  a  given  strength  being  invariable,  it 
was  only  necessarv,  by  means  of  a  tangent  compass  and 
rheocord,  to  keep  the  current  constant  from  day  to  day,  in 
order  to  obtain,  both  as  regards  quantity  and  quality,  an 
invariable  source  of  heat, 

{50y)  The  liquids  from  which  the  vapours  were  de- 
zed  were  placed  in  small  long  flasks,  a  separate  Sask 
being  devoted  to  each.  The  air  above  the  liquid,  and 
within  it,  being  first  carefully  removed  by  an  air-pump, 
the  flask  -was  attached  to  the  e^Lpertmental  tube,  in  which 
the  vapours  were  to  be  examined.  This  tube  was  of  brast>, 
49'6  inches  long,  and  2-4:  inches  in  diameter,  its  two  ends 
being  stopped  by  plates  of  rocksalt.  Its  interior  surface 
was  polished.  With  the  single  exception  that  the  source 
of  heat  was  a  red-hot  platinum  spiral,  instead  of  a  cube  of 
hot  water,  the  arrangement  was  that  figured  in  Plate  I. 
At  the  commencement  of  each  experiment,  the  brass 
tube  being  thoroughly  exhausted,  and  the  radiation 
from  the  spiral  being  neutralised  by  that  from  the  com- 
pensating cube,  the  needle  stood  at  zero.  The  cock  of 
the  flask,  oontainiug  the  volatile  liquid  was  then  carefully 
turned  on,  and  the  vapour  allowed  slowly  to  enter  the  ex- 
perimental tube.  When  a  pressure  of  0-5  of  an  inch  was 
obtained,  the  vapour  was  cut  off,  and  the  permanent  de- 
flection of  the  needle  noted.  Knowing  the  total  beat, 
"be  absorption  in  lOOtbs  of  the  entire  radiation  could  bo 
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at  ODce  deduced  from  the  deflection.     The  following  table 
coataine  the  results : — 


Bisulphide  of  cubon 
Cblorofonn  . 
Iodide  of  moth;] 
lodidi'  ot  eth;l 
licnxol 

Aloohul 
Fomiic  ether 
Sulphurii!  pther 
Antic  Hhvi 
Tot&l  beat    . 


(510)  We  are  now  ia  a  condition  to  compare  the  action  of 
A  series  of  volatile  liquids,  with  that  of  the  vapours  of  those 
liquids,  upun  radiant  heat.  Commeacing  with  the  substance 
of  the  lowest  absorptive  euergy,  and  proceeding  to  the 
highest,  we  have  the  following  orders  of  absorption ; — 


Uquld. 

V.p<rari 

BiBolphidoofcarboa. 

Bisu![jbi<leot  carbon 

Chloruform. 

Chloroform. 

Iodide  of  inMhjL 

Iodide  of  mthyl 

Iodide  of  elhyl. 

Iodide  of  ethyl. 

B«i>ioI. 

Benwl. 

Amjlpne, 

Amjlrae. 

Snlphoric  ether. 

Aleoliol. 

AMtic  elhfr. 

Formic  oth^r- 

Formic  el  her. 

SulphuWo  ether. 

Alcohol. 

Acetic  ether 

Water. 

(511)  Here,  as  far  as  amylene,  the  order  of  absorp- 
tion is  the  same  for  both  liquids  and  vapours.  But  from 
amylene  downwards,  though  etroug  liquid  absorption  is,  iu. 
a  general  way,  paralleled  by  strong  vapour  absorption,  the 
order  of  belli  is  not  the  same.     There  is  not  the  slightest 
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doubt  that,  next  to  water,  alcohol  is  the  most  powerful 
absorber  in  the  liat  of  liquids;  but  there  ie  just  as  little 
doubt  that  the  position  which  it  occupies  in  the  list  of 
vapours  is  the  correct  one.  This  has  been  est-ablished  by 
reiterated  experimeuts.  Acetic  ether,  on  the  other  hand, 
though  certainly  the  most  energetic  absorber  in  the  state 
of  vapour,  tails  behind  both  formic  ether  and  alcohol  in 
the  liqiud  state.  Stiti,  on  the  whole,  it  is  perfectly  impos- 
sible to  contemplate  these  results,  without  arriring  at  the 
concluBion  that  the  act  of  absorption  is,  in  the  main, 
molecular,  and  that  the  molecules  maintain  their  power 
as  absorbers  and  ra<.liatorB  when  they  change  Iheir  atate 
of  aggregation.  Should  any  doubt,  however,  linger  as  to 
the  correctness  of  this  conclusion,  it  will  speedily  dis- 
appear. 

(512)  A  moment's  reflection  will  show  that  the  com- 
parison here  instituted  is  not  a  strict  one.  We  have  taken 
the  liquids  at  a  common  thicknesfi,  and  the  vapours  at  a 
common  volume  and  pressure.  But  if  the  layers  of  liquid 
employed  were  turned,  bodily,  into  vapour,  the  volumes 
obtained  would  not  be  the  same.  Hence,  the  quantities  of 
matter  traversed  by  the  radiant  heat  are  not  proportional 
to  each  other  in  the  two  cases,  and  to  render  the  com- 
parison strict,  they  ought  to  be  proportional.  It  is  easy,  of 
coui'se,  to  make  them  so  ;  for  the  liquids  being  examined 
at  a  constant  volume,  their  specific  gravities  give  ns 
the  relative  quantities  of  matter  traversed  by  the  radiant 
heat,  and  from  these,  and  the  vapour-densities,  we  can 
immediately  deduce  the  corresponding  volumes  of  the 
vapour.  Dividing,  in  fact,  the  specific  gravities  of  our 
liquids  by  the  densities  of  their  vapours,  we  obtain  the 
following  series  of  vapour  volumes,  whose  weigl 
proportional  to  the  masses  of  liquid  employed. 


^^^^^^^^H    ^^^^^^^H 

§■■■■■     m 
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TiBLR  or  PaoFonnoMii.  Volumm.                                        ^^H 

Bisulpbidt' of  carbon     .                          .018                                ^^| 

Chloroform 0'3S                                ^H 

Wide  of  methyl 0-48                                     ^H 

Iodide  of  pthfl 0-3S                                 ^H 

Benwl O'Sa                                 ^M 

Amjlone 026                                ^H 

Alrohol O'AO                                     ^H 

Sulphuric  MhoF 0-21                                ^^| 

Formic  elhM 0-afi                                ^H 

Acetic  ether 0-20                                 ^H 

Water ISO                                 ^H 

(513)  Introducing  the  vapoarB,  in  the  Tolumes  here  in-         ^| 

dicated,  into  the  experimeDtal  tube,  the  following  results         ^| 

were  obtained  : —                                                                             ^H 

R.n,.T,i.«  1.V  HiiT  ■niB™ni.  V»«.,tB.      O^ltmtt  ...  V.n„.,„                     ^H 

Bisulphide  of  csrbon                   .    0-48                  4*3                            ^H 

Chloroform 

0-36             s-e                    ^H 

lolide  of  D.elhjl 

0*6                J  0-3                            ^H 

Icidida  of  etbjl . 

O-SA                                                         ^H 

Beniol 

0-32                ]B-8                            ^H 

Am;1ena    . 

0-aa            ivD                    ^H 

Sdpburie  eUin 

O'SS                31-6                             ^H 

AmtJo  ether       . 

0-3S                33-3                             ^H 

Fomif^whw     . 

0-S6                32-6                            ^M 

Alcohol     .        . 

0-SO                S2-T                             ^M 

of  their  absorption,  we  now  obtain  the  following  result :—        ^H 

UqoUi                                             T.p«m                                                       ^H 

lodidflofmrthjl.                        Iodide  of  mrtliyl                  ^^^^M 

Iodide  of  otfajL                           Iodide  of  eth;l.                    ^^^^^M 

Beout.                                       Bewol.                                ^^^^^H 

A»,l0D»                                             ^^^^H 

Sulphuric  ether.                         Sulpbnrio  ether.                 ^^^^^^^^1 

Aeatic  ether.                                   AcetU  elbw.                           ^^^^^^^H 

Formic  ethor.                             Formic  ethn.                      ^^^^^^H 

Aloohal.                               ^^^^^^H 

Witor.                                                                                       ^^^^^ 

•  Aqneou*  TAponr.  nnmtsed  with  «r,  CDndros&t  to  riuvlily  that  it  nuinot 

be  direct];  euuniiied  in  onr  esperimentftl  tube. 

s«o 
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(515)  Here  the  discrepascies  revealed  by  our  former 
aeries  of  experiments  entirely  disappear,  and  it  is  proved 
that  for  heat  of  the  same  quality,  the  order  of  absorption 
for  liquids  and  their  vapours  Ja  the  same.  We  may,  there- 
fore, safely  infer  that  the  position  of  a  vapour,  aa  an  ab- 
sorber oraradiator,  is  determined  by  that  of  the  liquid  from 
which  it  is  derived.  Granting  the  validity  of  this  inferenc*, 
the  position  of  rvafer  iixes  that  of  aqneoiis  vapour.  But 
we  have  found  that,  for  all  fhicknessea,  water  exceeds  the 
other  liquids  in  the  energy  of  its  absorption.  Hence,  if  no 
single  experiment  on  the  vapour  of  water  existed,  we 
should  be  compelled  to  conclude,  from  the  deportment  of 
its  liquid,  that,  weight  for  weight,  aqueous  vapour  trans- 
cends all  others  in  absorptive  power.  Add  to  this  the 
direct  and  multiplied  experiments,  by  which  the  action  of 
this  subfitance  on  radiant  lieat  has  been  established,  and  we 
have  before  us  a  body  of  evidence  sufficient,  I  trust,  to  set 
thia  question  for  ever  at  rest,  and  to  induce  the  meteor- 
ologist to  apply  the  result,  without  misgiving,  to  the 
phenomena  of  his  science. 

(516)  We  must  now  prepare  the  way  for  the  considera- 
tion of  an  important  question.  A  pendulum  swings  at  a 
certain  definite  rate,  which  depends  upon  the  length  of  the 
pendulum.  A  spring  will  oscillate  at  a  rate  which  depends 
upon  the  weight  and  elastic  force  of  the  spring.  If  we 
coil  a  wire  into  a  long  spiral,  and  attach  a  bullet  to  the 
end,  the  bullet  may  be  caused  to  oscillate  up  and  down, 
at  a  rate  which  depends  upon  its  weight,  and  upon  the 
elasticity  of  the  spiral.  A  musical  string,  in  like  manner, 
has  its  determinate  rate  of  vibration,  which  depends  upon 
its  length,  weight,  and  tension.  A  beam  which  bridges  a 
gorge  has  also  its  own  rate  of  oscillation ;  and  we  can 
often,  by  timing  our  movements  on  such  a  beam,  so  accu- 
mulate the  impulses  as  to  endanger  its  safety.  Soldiers, 
in  crossing   pontoon   bridges,   tread   irregularly, 


irly,  leat  tdH 
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motion  imparted  to  tbe  pontoons  should  accumulate  to  a 
daugerous  extent.  The  step  of  a  person  carrying  water 
on  his  head  in  an  open  pail  sometimea  coincides  with  the 
oscillation  of  the  water  from  side  to  side  of  tbe  vessel, 
until,  impulse  being  added'  to  impulse,  tbe  liquid  finally 
splashes  over  the  rim.  The  water  carrier  instinctively 
alters  his  step,  and  thus  reduces  the  liquid  to  comparative 
tranquillity.  Vou  have  heard  a  particular  pane  of  glass 
respond  to  a  particular  note  of  an  organ;  if  you  open  a 
piano,  and  sing  into  it,  some  one  string  will  also  respond. 
Now,  in  the  case  of  tbe  organ  tbe  pane  responds,  because 
its  period  of  vibration  happens  to  coincide  with  the  period 
of  tbe  sonorous  waves  that  impinge  upon  it;  and  in  the 
case  of  the  piano,  that  string  responds  whose  period  of 
vibration  coincides  with  the  period  of  the  vocal  chords  of 
the  singer.  In  each  case,  there  is  an  accumulation  of  the 
effect,  similar  to  that  observed  when  you  stand  upon  a 
plan  k- bridge,  and  time  your  impulses  to  its  rate  of  vibra- 
tion, la  the  case  of  the  singing  flame  already  referred 
to,  you  bad  the  influence  of  period  esemplifled  in  a  very 
striking  manner.  It  reRponded  to  tbe  voice,  only  when 
the  pitch  of  the  voice  corresponded  to  its  own.  A  higher 
and  a  lower  note  were  equally  Ineffective  to  put  tbe  Same 
in  motion. 

(217)  These  ordinary  mechanical  facta  will  help  us  to 
an  insight  of  tbe  more  subtle  pbenomeoa  of  light  and  ra- 
diant heat.  I  have  shown  you  the  transparency  of  lamp- 
black, and  the  far  more  wonderful  transparency  of  iodine, 
to  tbe  purely  thermal  rays ;  and  we  have  now  to  enquire 
why  iodine  stops  light  and  allows  heat  to  paas.  The  sole 
difference  between  light  and  radiant  heat  is  one  of  period. 
The  waves  of  tbe  one  are  short  and  of  rapid  recurrence, 
while  those  of  the  other  are  long,  and  of  slow  recurrence. 
The  former  are  intercepted  by  the  iodine,  and  the  latter 
are  allowed  to  pass.     Why  ?     There  can,  I  think,  be  only 
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one  answer  to  this  question — tbat  the  intercepted  wavt* 
are  those  whose  perioda  coincide  with  the  periods  of 
oscillation  possible  to  the  atoina  of  the  di'fsolveii  iodine. 
The  waves  transfer  their  motion  to  the  atoms  which 
synchroniae  with  them.  Supposing  waves  of  any  period 
to  impinge  upon  an  assemblage  of  molecules  of  any  other 
period,  it  is,  I  think,  physicaily  certain  that  a  (I'eriior  of 
greater  or  less  intensity  will  be  set  up  among  the  mole- 
cules ;  but  for  the  motion  to  accumulate,  so  as  to  produce 
ibie  abijorption,  coincidence  of  period  is  necessary. 
Briefly  defined,  therefore,  transparency  is  synonymous 
with  discord,  while  opacity  is  aynonyraoua  with  accord, 
between  the  periods  of  the  waves  of  ether  and  those  of 

i  molecules  of  the  body  on  which  they  impinge.  The 
opacity,  then,  of  our  solution  of  iodine  to  light  shows  that 
its  atoms  are  competent  to  vibrate  in  all  periods  which 
lie  within  the  limits  of  the  visible  spectrum;  while  its 
transparency  to  the  extra-red  undulations  demonstrates 
the  incompetency  of  its  atoms  to  vibrate  in  unison  with 
the  longer  waves. 

(518)  The  term  '([ualitj,'  as  applied  to  radiant  heat, 
has  been  already  defined ;  the  ordinary  test  of  quality 
being  the  power  of  radiant  beat  to  pass  through  dia- 
thermic bodies.  If  the  heat  of  two  beams  be  transmitted 
by  the  selfsame  substance  in  different  proportions,  the 
two  beams  are  said  to  be  of  different  c|uaUtieB.  Strictly 
speaking,  this  question  of  quality  is  one  of  period ;  and  if 
the  heat  of  one  source  he  more  or  less  copiously  trans- 
mitted than  the  heat  of  another  source,  it  is  because  the 
waves  of  ether  excited  by  the  one  are  different  in  length 
and  period  from  those  excited  by  the  other.  Wheu  we 
raise  the  temperature  of  our  platinum  spiral,  we  alter  the 
quality  of  its  heat.  As  the  temperature  ia  raised,  aborter 
and  ever  shorter  waves  mingle  in  the  radiation.  Dr. 
Draper,  in  a  very  beautiful  investigation,  has  shown  that 


ca*r.  XI..       MOLECl'LAR   ACCORD    AND    DISCORD.  S'M 

when  platinutn  first  appears  lumiuouB,  it  emits  only  red 
rays;  hut  a."  ita  temperature  anginents,  orange,  yellow, 
and  green  are  emccessively  added  to  the  radiation ;  and 
when  the  platinum  is  bo  intensely  heated  as  to  emit  whit* 
light,  the  decom petition  of  that  light  gives  all  the  coloura 
of  the  solar  spectrum. 

(519)  Almost  all  the  vapours  which  we  have  hitherto 
examined  are  transparent  to  light,  while  all  of  them  are, 
in  some  degree,  opaque  to  obscure  rays.  This  proves  the 
incompeteuce  of  the  molecules  of  these  vapours  to  vibrate 
in  visual  periods,  and  their  competence  to  vibrate  in  the 
slower  periods  of  the  waves  which  fall  beyond  the  red  of 
the  spectnim.  Conceive,  then,  our  platinum  spiral  tn 
be  gradually  raised  from  a  state  of  obscure  to  a  state  uf 
luminous  heat:  the  change  would  manifestly  tend  to 
produce  discord  between  the  radiating  platinum  and  the 
molecules  of  our  vapours.  And  the  higher  we  raise  the 
temperature  of  our  platinum,  the  more  decided  will  be  the 
discord.  On  a  priori  grounds,  then,  we  should  infer,  that 
the  raising  of  the  temperature  of  the  platinum  spiral 
ought  to  augment  the  power  of  its  rays  to  pass  through 
our  list  of  vapours.  This  conclusion  is  entirely  verified  by 
the  experiments  recorded  in  the  following  tables : — 
Radution  TUBocan  Vipoubs.    Soitkcb  or  Hut:  PuTincir  Spik±l 


Hun*  ot  Vqoiir 

Bii>ul|ihid«  of  oubon 
Cblorufom  . 
Iodide  of  motbyl 
ludMe  of  rthjrl 

Ain^'lene 
Suljihnric  bUwt 
Formic  Bthor 
A«ati«  rtbcr  . 


(520)  With  the  same  plati 


inum  spiral  raised  to  a  white 


heat,  the  following  results  were  obtained: — 
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Radiation  THBoroH  Vapours.    Soubcb  of  Heat:   White-hot 

pLATnnnc  Spibal. 


Name  of  Vapour 

Abaorptkm] 

Bisulphide  of  carbon     ....      2*9 

Chloroform  . 

5-6 

Iodide  of  methyl    , 

.       7-8 

Iodide  of  ethyl 

.     12-8 

Benzol  . 

.     165 

Amylene 

22-6 

Formic  ether 

.     261 

Solphnric  ether 

.    25-9 

Acetic  ether  . 

.     27-2 

(521)  With  the  same  spiral,  brought  still  nearer  to  its 
point  of  fusion,  the  following  results  were  obtained  with 
four  of  the  vapours : — 

Kadiatioit   thbough   Vapoub3.    Source:    Platinux  Sfibal  at  ax 

INTENSE  White  Heat. 

Name  of  Yaponr  Abeorption 

Bisulphide  of  carbon      .        .         .        .2*5 

Chloroform 3*9 

Formic  ether 21*3 

Sulphuric  ether 237 

(522)  Placing  the  results  obtained  with  the  respective 
sources  side  by  side,  the  influence  of  the  vibrating  period 
on  the  transmission  comes  out  in  a  very  decided  manner  : — 

Absobftion  of  Heat  bt  Vapoubs. 


Kame  of  Vapour 

Ba 

Source :  Platinum  Spiral 

rely  rUible 

Briffht  red 

White-hot 

Near  ftiE 

Bisulphide  of  carbon 

6-6 

4-7 

2-9 

2-5 

Chloroform  . 

91 

6-3 

5-6 

39 

Iodide  of  methyl 

12-5 

9-6 

7-8 

Iodide  of  ethyl     . 

21-3 

17-7 

12-8 

Benzol 

26-4 

20-6 

16-5 

Amylene 

35*8 

27-5 

22-7 

Sulphuric  ether    . 

43-4 

31-4 

25-9 

23*7 

Formic  ether 

45-2 

31-9 

251 

21-3 

Acetic  ether 

49-6 

34-6 

27-2 

IN'FLUESCE   OF   TEMPERATURE. 


(523)  The  gradual  augmentation  of  penetrative  power, 
as  the  temperature  is  augmented,  is  here  very  mauifeBt, 
By  raising  the  spiral  from  a  barely  visible  to  an  intense 
white  iieat,  we  reduce  the  proportionate  absorption,  in  the 
case  of  bisulphide  of  carbon  and  chloroforni,  to  less  than 
one-half.  At  barely  visible  redness,  moreover,  56'6  and 
54'8  per  cent  pass  through  sulphuric  and  formic  ether 
respectively  j  while  of  the  intensely  white-hot  spiral,  76*3 
and  78'7  per  cent,  puss  through  the  same  vapours.*  Thus, 
by  augmenting  the  temperature  of  the  solid  platinum,  we 
introduce  into  the  radiation  waves  of  shorter  period,  which, 
beiug  in  discord  with  the  periods  of  the  vapours,  pass  more 
easily  through  them. 

(524)  Running  the  eye  along  the  numbers  which  ex- 
press the  absorptions  of  sulphuric  and  formic  ether  in  the 
last  table,  we  find  that,  for  the  lowest  heat,  the  absorption 
of  the  latter  exceeds  that  of  the  former;  for  a  bright  red 
heat  they  are  nearly  equal,  but  the  formic  still  retains  a 
alight  predominance ;  at  a  white  heat,  however,  the  sul- 
phuric slips  ID  advance,  and  at  the  heat  near  fusion  ita 
predominance  is  decided.  1  have  tested  this  result  in 
various  ways,  and  by  multiplied  experiments,  and  placed 
it  beyond  doubt.  We  may  at  once  infer  from  it  that  the 
capacity  of  the  molecule  of  formic  ether  to  enter  into 
rapid  vibration  is  less  than  that  of  sulphuric,  and  thus  we 
obtainaglimpeeof  the  inner  character  of  these  bodies.  By 
augmenting  the  teropemture  of  the  spiral,  we  produce 
vibrations  of  quicker  periods,  and  the  more  of  these  that 
are  introduced,  the  more  opaque,  in  comparison  with 
formic  ether,  does  sulphuric  ether  become.  The  atom  of 
oxygen  which  formic  ether  possesses,  in  escesa  of  sulphuric, 
renders  it  more  sluggish  as  a  vibrator.  Experiments 
made  with  a  source  of  100°  C,  establish  more  decidedly 

*  The  CraH*munaa  ii  foood  \>J  sablncliog  the  abBorptioD  ^m  100. 
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the  preponderance  of  tlie  formic  ether  for  vibrations  of 
slow  period. 

liiDiATioN  THHnUQH  Yipncns.     SouBCE :  LBar.re's  CnSB,  Co*TKii  wn« 

Lampblack.    Teupreatubk,  SIS'*  Fabb.  ^^H 

Kuu!  cit  Tuponr  Aburptton  pa  (mt.       ^^H 

BiHalplude  of  CBrboD    .         .         .          .         6'B  ^^H 

Iodide  of  methyl IB'S  ^^M 

Cbloroform 21-6  ^H 

Iodide  of  otbjt 2B-0  ^H 

BoDxol 34-S  ^^H 

Amjbne 47'1  ^^^^t 

Sulphuric  nber S4-1  '^^H 

Formic  ether SO'-l  l^^f 

AcBtic  ether 89-9 

For  beat  issuing  from  this  source,  the  absorption  by  formic 
ether  ia  t)-3  per  cent,  in  exceas  of  that  by  sulphuric. 

(525)  But  in  tliis  table  we  notice  another  case  of  reversal. 
In  all  the  experiments  with  the  platinum  spiral  thus  far 
recorded,  chloroform  showed  itself  less  energetic,  as  an 
absorber,  than  iodide  of  methyl ;  but  here  chloroform 
shows  itself  to  be  decidedly  the  more  powerful  of  the  two. 
This  result  has  been  placed  beyond  doubt,  by  repeated  ex- 
periments. To  the  radiation  emitted  by  lampblack,  heated 
to  212°,  chloroform  ia  certainly  more  opaque  than  iodide 
of  methyl. 

(526)  We  have  hitherto  occupied  ourselves  with  the 
radiation  from  heated  solids :  let  us  now  pass  on  to  tbe 
examination  of  the  radiation  from  flames.  The  first  ex- 
perimeutfl  were  made  with  a  steady  jet  of  gas,  issuing  from  a 
small  circular  burner,  the  flame  being  long  and  tapering. 
The  top  and  bottom  of  the  flame  were  excluded,  and  its 
most  brilliant  portion  was  chosen  as  the  source.  The 
results  obtained  are  recorded  in  the  following  table  : —   ^h 


RADIATION   FROM   FLAMES. 


r    HeIT    THSODOn   TUVUBS. 


Vtme  o(  Tiponr 
Bianlpliidr  of  cubon 
Chloroform    . 
Iodide  ufmeth^rl   - 
Iodide  of  ethjl 

BuDEol   ' 

Amylene 

Furmic  ether 
Sulphuric  ether     . 
Acotit  ether  . 


Wlilv-liot  SpinI 


(527)  It  IB  interesting  to  compare  the  heat  emitted  by 
the  white-hot  carbon  with  that  emitted  by  the  white-hot 
platinum;  and  to  facilitate  the  comparison,  beside  the 
results  given  in  the  last  table  are  placed  those  recorded  in 
a  former  one.  The  emission  from  the  flame  is  thus  proved 
to  be  tar  more  powerfully  absorbed  than  the  eniiasion  from 
the  lipiral.  Doubtless,  however,  the  carbon,  in  reaching 
iii  candescence,  pasaee  through  lower  stages  of  temperatnre, 
and  in  those  stages  emits  heat  more  in  accord  with  the 
vapours.  It  is  also  mixed  with  the  vapour  of  water  and 
carbonic  acid,  both  of  which  contribute  their  quota  to  the 
total  radiation.  It  is  therefore  probable  that  the  greater 
abHorptioQ  of  the  heat  emitted  by  the  flame  is  due  to  the 
slower  periods  of  the  substances,  which  are  unavoidably 
mixed  with  the  white-hot  carbon. 

(528)  The  next  source  of  heat  employed  was  the  flame 
of  a  Bunsen's  burner,"  the  temperature  of  which  is  known 
to  be  very  high.  The  flame  was  of  a  pale  blue  colour,  and 
emitted  a  very  feeble  light.  The  follovdog  results  were 
obtained : — 

*  Dewribvd  in  Cimpler  II. 
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Chloroform  . 
Biiulpliide  of  carlran 
Iodide  of  etb;l     '. 
Benwl 

Sulphuric  ether     . 
Formic  elhr.r 
Acetic  ether 


(529)  The  total  heat  radiated  from  the  flame  of  BiinseB* 
burner  ia  much  less  than  that  radiated  when  the  incan- 
descent carbon  is  present  in  the  flame.  The  moment  the 
air  is  permitted  to  mix  with  the  luminous  flame,  the  radia- 
tion falb  so  conBiderably,  that  the  diminution  is  at  once 
detected,  even  by  tije  hand  or  face  brought  near  the  flame. 
Comparing  the  two  last  tables,  we  see  that  the  radiation 
from  Bunsen's  flame  is,  on  the  whole,  less  powerfully 
absorbed  than  that  from  the  luminouB  gas  jet.  In  some 
cases,  ae  in  that  of  formic  ether,  they  come  very  close  to 
each  other;  in  the  case  of  amylene,  and  a  few  other  sub- 
stances, they  differ  more  markedly.  But  an  extremely 
interesting  case  of  reversal  here  shows  itself.  Bisulphide 
of  carbon,  instead  of  being  first,  stands  decidedly  below 
chloroform.  With  the  luminous  jet,  the  absorption  of 
bisulphide  of  carbon  is  to  that  of  chloroform  as  100  :  122. 
while  with  the  flame  of  Bunsen's  burner  the  ratio  is 
100:56;  the  removal  of  the  lampblack  from  the  flame 
more  than  doubles  the  relative  transparency  of  the  chloro- 
form. We  have  here,  moreover,  another  instance  of  the 
reversal  of  formic  and  sulphuric  ether.  For  the  luminous 
jet,  the  sulphuric  ether  is  decidedly  the  more  opa<[ue  ;  for 
the  flame  of  Bunsen's  burner,  it  is  excelled  in  opacity  by 
the  formic.  jm 


I 
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(530)  The  main  raiiiating  bodies  in  the  flame  of  a  Buo- 
Beii'bi  burner  are,  no  doubt,  aqueous  vapour  and  carboDic 
acid.  Highly-heated  nitrogen  ia  also  present,  which  may 
produce  a  aenaible  effect.  But  the  main  source  of  the 
radiation  is,  no  doubt,  the  aqueous  vapour  and  the  car- 
bonic  acid.  I  wished  to  separate  these  two  constituents, 
and  to  study  tbem  separately.  The  radiation  of  aqueous 
vapour  could  be  obtained  from  a  flame  of  pure  hydrogen, 
while  tliiit  of  carbonie  acid  could  be  obtained  from  an 
ignited  jet  of  carbonic  oxide.  To  me  the  radiation  from 
the  hydrogen  flame  possessed  a  peculiar  interest ;  for  not- 
withstinding  the  high  temperature  of  Buch  a  flame,  I 
thought  it  likely  that  the  accord  between  ita  periods  of 
vibration  and  those  of  the  cool  aqueous  vapour  of  the 
atmosphere  would  still  be  sucb  as  to  cause  the  atmo- 
spheric vapour  to  exert  a  special  absorbent  power  upon 
the    radiation.       The    following    esperiments    test    this 

Radutiiik  TiiRovaa  Atmospkekic  Air,     Souncx :    a   IlrDauGEN  Flauii. 


TiiUH,  in  a  polished  tube  4  feet  long,  the  aqueous  vapour 
of  our  laboratory  air  absorbed  17  percent,  of  the  radiation 
from  the  hydrogen  flame.  A  platinum  spiral,  raised  by 
electricity  to  a  degree  of  incandescence  not  greater  than 
that  obtainable  by  plunging  a  wire  into  the  bydrogen 
flame,  being  used  as  a  source  of  beat,  the  undried  air  of 
the  laboratory  was  found  to  absorb 
5 '8  per  cent, 
of  its  radiation,  or  one-third  of  the  quantity  absorbed  in 
the  case  of  the  flame  of  hydrogen. 

(531)  The  plunging  of  a  spiral  of  platinum  wire  into 
the  flame  reduces  its  temperature ;  but  at  the  same  time 
introduces  vibrations,  which  are  not  in  accord  with  those 
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of  aqueous  vapour;  the  absorption,  by  ordinary  undried 
air,  of  heat  emitted  by  this  composite  source  amounted  to 

8-6  per  cent, 

On  humid  days,  the  absorption  of  the  heat  emitted  bj 
a  hydrogen  flame  exceeds  even  the  above  large  figure. 
Employing  the  same  experimental  tube  and  a  new  burner, 
the  experiments  were  repeated  some  days  subsequently, 
with  the  following  reaidt: — 


Dry  ft! 


9ouncB:  Htdbogek  Fiai 

AbfaiptlDD 


opwIH 


(532)  The  physical  causes  of  transparency  and  opj 
have  been  already  pointed  out;  and  we  may  infer  from 
the  foregoing  powerful  action  of  atmospheric  vapour  on 
the  radiation  from  the  hydrogen  flame,  that  accord  reigns 
between  the  oscillating  molecules  of  the  flame  at  a  tem- 
perature of  5898°  Fabr.  and  the  molecules  of  aqueous 
vapour  at  a  temperature  of  60°  Fabr.  The  enormous  tem- 
perature of  the  hydrogen  dame  increases  the  amplitude, 
but  does  not  change  the  rate  of  oscillation. 

(533)  We  must  devote  a  moment's  attention,  in  passing, 
to  the  word  'amplitude'  here  employed.  The piick  of  a 
note  depends  solely  on  the  number  of  aerial  waves  which 
strike  the  ear  in  a  second.  The  loudness,  or  intensity 
of  a  note  depends  upon  the  distance  within  which  the 
separate  atoms  of  air  vibrate.  This  distance  is  called 
the  amplitude  of  the  vibration.  When  we  pull  a  harp- 
string  very  gently  aside,  and  let  it  go,  it  disturbs  the  air 
but  little ;  the  amplitude  of  the  vibrating  air-atoms  is 
small,  and  the  intensity  of  the  sound  feeble.  But  if 
we  pull  the  string  vigorously  aside,  on  letting  it  go,  we 
have  a  note  of    the   same  pitch  as  before,   but,  as  the 

•ditude  of  vibration  is  greater,  the  sound  is  more  inteiu 
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While,  then,  the  wave-length,  or  period  of  recurrence,  is 
independent  of  the  amplitude,  it  ia  this  latter  which  de- 
termines the  loiidneBS  of  the  sound, 

(534)  The  same  holds  good  for  light  and  radiant  heat. 
Here  the  individual  ether  particles  vibrate  to  and  fro  acroHH 
the  line  of  propagation ;  and  the  extent  of  their  excursion 
is  called  the  amplitude  of  the  vibration.  We  may,  as  in 
the  case  of  Bound,  have  the  same  wave-length  with  very 
different  amplitudes,  or,  as  in  the  case  of  water,  we  may 
have  high  waves  and  low  waves,  with  the  same  distance 
between  crest  and  crest.  Now,  while  the  colour  of  light, 
and  the  quality  of  radiant  heat,  depend  entirely  upon  the 
length  of  the  ethereal  waves,  the  intensity  of  the  light  and 
heat  is  determined  by  the  amplitude.  And,  inasmuch 
as  it  has  been  shown,  that  the  periods  of  vibration  of 
a  hydrogen  flame  coincide  with  those  of  cool  aqueous 
vapour,  we  are  compelled  to  conclude  that  the  enormous 
tomperatiu'e  of  the  flame  is  not  due  to  the  rapidity,  but 
to  the  extraordinary  amplitude  of  its  molecular  vibration. 

(535)  The  other  component  of  the  flame  of  Bunaen'a 
burner  is  carbonic  acid,  and  the  radiation  of  this  substance 
i.t  iniTnediately  obtiuned  from  a  flume  of  carbonic  oxide. 
Of  the  radiation  from  this  source,  the  small  amount  of  car- 
Imjiuc  Tvcid  diffuse"!  in  the  air  of  our  laboratory  absorbed 
i;jH  per  cent.  This  high  absorption  proves  that  the 
vibrations  of  the  molecidefl  of  carbonic  acid,  within  the 
flame,  are  synchronous  with  the  vibrations  of  those  of  the 
carbonic  acid  of  the  atmosphere.  The  temperature  of  the 
flame,  however,  is  5508°  Fahr.,  while  that  of  the  atmo- 
spliere  is  only  60°.  But  if  the  high  temperature  ia  incom- 
petent to  change  the  rate  of  oscillation,  we  may  expect 
cold  carbonic  acid,  when  use*!  in  large  quantities,  to  be 
highly  opaque  to  the  radiation  from  the  carbonic  oxide 
flame.  Here  follow  the  results  of  experiments  executed 
to  test  this  conclusion : — 


MODE  OF  MOTION. 


SouRCi :  CiBBomcV 


For  the  rajK  emanating  from  the  heated  solids  employed 
in  our  former  researches,  carbonic  acid  proved  to  be  one 
of  the  most  feeble  absorbers;  but  liere,  when  the  waves 
sent  into  it  emanate  from  nioleculea  of  its  own  substance, 
its  absorbent  energy  is  enormous.  The  thirtieth  of  an 
atmosphere  of  the  gas  cuts  off  half  the  entire  radiation  ; 
while  at  a  pressure  of  4  inches,  65  per  cent,  of  the  radia- 
tion is  intercepted. 

(536 )  The  energy  of  oleiiant  gas,  both  as  an  absorbent 
and  a  ladinnt,  is  now  well  known.  For  the  solid  sources 
of  heiit  just  referred  to,  its  power  ia  incomparably  greater 
than  that  of  carbonic  acid ;  but  for  the  radiation  from  the 
carbonic  oxide  fiame,  the  power  of  oleGaut  gas  is  feeble, 
when  compared  with  that  of  carbonic  acid.  This  is 
proved  by  the  experimeutfl  recorded  in  the  following 
table;— 


I   CiUBomc  Acu, 


P 


I 


(537)  Beside  the  absorption  by  olefiant  gas,  I  have 
placed  that  by  carbonic  acid  derived  from  the  last  tabl& 
The  superior  power  of  the  acid  is  very  decided,  and  most 
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so  ID  the  smaller  prei^ures;  at  a  prendre  of  aa  inch  it  is 
twice  that  of  the  olefiant  gas.  The  substanceB  approach 
each  other  more  closely,  as  the  quantity  of  gas  augments. 
Here,  in  fact,  both  of  them  approach  perfect  opacity,  aud 
as  they  draw  near  to  this  common  limit,  their  absorptions, 
ua  a  matter  of  course,  approximate, 

(538)  These  eiperimeuts  pmve  that  the  presence  of  an 
infiQitesinial  quuntity  of  carbouic  acid  gaa  ml^ht  l>e  de- 
tected, by  its  action  on  the  rays  emitted  by  a  carbonic 
oxide  flame.  The  action,  for  example,  of  the  carbonic 
iicid  expired  by  the  lungs  is  very  decided.  An  india- 
rubber  bag  was  filled  from  the  lungs ;  it  contained,  there- 
fore, both  the  aqueous  vapour  and  the  carbouic  acid  of 
the  breath.  The  air  from  the  bag  waa  then  conducted 
through  a  drying  apparatus,  the  moisture  being  thus  re- 
moved, and  the  neutral  air  and  active  carbouic  acid  per- 
niitt«d  to  enter  the  experimental  tube.  The  following 
re«ults  were  obtained : 

J,.      Sodhck:     C'BBONIC    OXIDH 

AbfOTptkm 


(539)  Thus,  the  tube  filled  with  the  dry  exhalation  from 
tlie  lungs  intercepted  50  per  cent,  of  the  entire  radiation 
from  a  cnrbonic  oxide  flame.  It  is  quite  manifest  that  we 
have  here  a  means  of  testing,  with  surpassing  delicacy,  the 
amount  of  carbonic  acid  emitted  under  Tarious  circum- 
titances  from  the  lungs. 

(540)  The  application  of  radiant  heat  to  the  deter- 
loiuatioD  of  the  carbonic  acid  of  the  breath  has  been 
illustrated  by  my  late  assistant,  Mr.  Barrett.  The  deflec- 
tion produced  by  the  breath,  freed  from  its  moisture,  but 


404  lUCAT   AS   A    HOPE   OF   MOTIOS.  chap.  ]^H 

retaining  ita  carbonic  acid,  was  first  determined.  Carbonic 
acid,  artifici;dly  prepared,  was  tben  mixed  with  perfectly 
dry  air,  in  such  proportions  that  its  action  upon  the 
radiant  heat  was  the  same  as  that  of  the  carbonic  acid  of 
the  breath.  The  percentage  of  the  former  being  known, 
immediately  give  that  of  the  latter.  I  here  give  the  results 
of  three  ehemical  analyses,  determined  by  Dr.  Frankland, 
as  compared  with  three  physical  analyses  performed  by  my 
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(o4I)  The  agreement  between  the  results  is  very  fair. 
Doubtless,  with  greater  practice  a  closer  agreement  could 
be  attained.  We  thiis  find,  in  the  quantity  of  ethereal 
motion  which  it  is  competent  tft  intercept,  an  accurate 
■and  practical  measure  of  the  amount  of  carbonic  acid 
expired  from  the  human  lungs. 

(542)  Water  at  moderate  thickness  is  a  very  transparent 
substance  ;  that  is  to  say,  the  periods  of  its  molecules  are 
in  discord  with  those  of  the  visible  spectrum.  It  is  alao 
highly  transparent  to  the  extra-violet  rays ;  so  that  we  may 
safely  infer  from  the  deportment  of  this  substance,  its 
incompetence  to  enter  into  rapid  molecular  vibrattou. 
When,  however,  we  once  quit  the  visible  spectrum  for  the 
rays  beyond  the  red,  the  opacity  of  the  substance  begins  to 
show  itself;  for  such  rays,  indeed,  its  absorbent  power  is 
unequalled.  The  synchronism  of  the  periods  of  the  water 
molecules  with  those  of  the  extra-red  wavee  is  thus 
demonstrated.  We  have  already  seen  that  undried  at- 
iheric  air  manifests  an  extraordinary  opacity  to  the 
B^Uation  from  a  hydrogen  flame,  and  from  this  deportment 
aferred  the  synchronism  of  the  cdd   vapour  of  I 
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air,  and  the  hot  vaponr  of  the  flame.  But  if  the  periode 
of  a  vapour  be  the  same  fu  those  of  its  liquid,  we  ought  to 
find  water  highly  opaque  to  the  radiation  from  a  hjnlrogen 
flaiiie.  Here  are  the  results  obtained  with  five  different 
thicknesaes  of  the  liquid. 

KlDUTIUH    TUBnVGII    WaTKU.       SoVXCB:    HmitOOIUI    F1.UIK, 


(543)  Through  a  layer  of  water  0-3(>  of  an  inch  thick, 
Melloni  found  a  transmission  of  1 1  per  cent,  for  the  lieat  of 
an  Argaiid  lamp.  Here  we  employ  a  source  of  higher 
temperature,  and  a  layer  of  water  only  0-27  of  an  inch, 
and  find  the  whole  of  tLe  heat  intercepted.  A  layer  of 
water  0*27  of  an  inch  in  thickness  is  perfectly  opaque  to 
the  nuliation  from  a  hydrogen  flame,  while  a  layer  about 
one-tenth  of  the  thickness  employed  by  Melloni,  cuts  off 
more  than  97  per  cent  of  tbe  entire  radiation.  Hence  we 
may  infer  the  coincidence  in  vibrating  period  between  cold 
water  and  aqueous  vapour  heated  to  a  temperature  of 
5898°  Fahr.  (3259°  C.) 

(544 )  From  the  opacity  of  water  to  the  radiation  from 
aqueous  vapour,  we  may  infer  the  opacity  of  aqneoua 
vapour  to  the  radiation  from  water,  and  hence  conclude 
that  the  very  act  of  nocturnal  refrigeration  which  causes 
the  condensation  of -water  on  the  earth's  surface,  gives  to 
terrestrial  radiation  that  particular  charact«r  which  renders 
it  most  liable  to  be  intercepted  by  our  atmosphore,  and 
thus  prevented  from  wasting  itself  in  i^mce. 

(545)  This  is  a  point  which  deserves  a  moment's  further 
consideration.  I  find  that  olefiaut  gas  contained  in  a 
polished  lube  4  feet  long,  absorbs  alxiut  80  per  cent,  of 
the  radiation  from  an  obscure  source,  A  layer  of  tlie 
same   gas  2  indies   thick  iil^orbs  33  per  cent.,  a   layer 
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1  inch  thick  absorbs  26  per  cent.,  while  a  layer  -rW*^^  °^ 
an  inch  in  thickness  absorbs  2  per  cent,  of  the  radiation. 
Thus  the  absorption  increase-s,  and  the  quantity  transmitted 
diminiBheH,  as  the  thicknesa  of  the  gaseous  layer  is  aug- 
mented. Let  us  now  consider  for  a  moment  the  efl"ect 
upon  the  earth's  temperature  of  a  shell  of  defiant  gas,  sur- 
rounding our  planet  at  a  little  distance  above  its  surface. 
The  gas  would  be  transparent  to  the  solar  rays,  allowing 
them,  without  sensible  hindrance,  to  reach  the  earth.  Here, 
however,  the  luminous  heat  of  the  sun  would  be  converted 
into  non-luminous  terrestrial  heat ;  at  least  26  per  cent,  of 
this  heat  would  be  intercepted  by  a  layer  of  gas  one  inch 
thick,  and  in  great  part  returned  to  the  earth.  Under  such 
a  canopy,  trifling  as  it  may  appear,  and  perfectly  traan- 
parent  to  the  eye,  the  eaith'a  surface  would  be  maintained 
at  a  stifling  temperature. 

(546)  A  few  years  ago,  a  work  possessing  great  charma 
of  style  and  ingenuity  of  reawoning,  was  written  to  prove 
that  the  more  distant  planets  of  our  system  are  uninhabit- 
able. Applying  the  law  of  inverse  squares  to  tlieir 
distances  from  the  sun,  the  diminution  of  temperature  vpas 
found  to  be  so  great,  as  to  preclude  the  possibility  of  human 
life  in  the  more  remote  members  of  the  solar  system.  But 
in  those  calculations  the  influence  of  an  at.raospheric 
envelope  was  overlooked,  and  this  omission  vitiated  the 
entire  argument.  It  is  perfectly  possible  to  find  an  atmo- 
sphere which  would  act  the  part  of  a  bttfb  to  the  solar  rays, 
permitting  their  entrance  towards  the  planet,  but  prevent- 
ing their  withdrawal.  For  example,  a  layer  of  air  two 
inches  in  thickness,  and  saturated  with  the  vapour  of 
sulphuric  ether,  would  offer  very  little  resistance  to  the 
passive  of  the  solar  rays,  but  I  find  that  it  would  cut  off 
fully  35  per  cent,  of  the  planetary  radiation.  It  would 
require  no  inordinate  thickening  of  the  layer  of  vapour  to 
double  this  absorjition ;  and  it  is  perfectly  evident  that. 
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with  a  prot«cting  envelope  i>f  this  kind,  permitting  the  heat 
to  enter,  but  preyeutiDg  its  escape,  a  comfortable  tempe- 
rature might  be  obtained  on  the  surface  of  the  most 
distaut  planet. 

(547 )  Dr.  Miller  was  the  first  to  infer  from  the  inability 
of  the  rays  of  burning  hydrogen  to  pose  through  glasn 
screens,  that  the  vibrating  periods  of  the  8anie  must  be 
extra-red;  and  that  consequently,  the  oscillating  periods 
of  the  lime-light  must  be  more  rapid  than  tbose  of  the 
oxybydrogen  dnme  to  which  it  owes  ita  iticaiideKcence.* 
As  pointed  out  by  Dr.  Miller,  the  lime-ligbt  furnishes  a 
caae  of  exalted  refrangibility.  The  same  remark  applie*i 
to  a  platinum  wire  plunged  into  a  hydrogen  flame.  We 
have,  in  this  case  also,  a  convorsion  of  unvisual  periods  into 
visual  ones.  This  shortening  of  the  periods  must  augment 
the  discord  between  the  radiating  source  and  our  series  of 
liquids  (J  SOfi),  whose  periods  are  slow,  and  hence  augment 
their  trauspareucy  to  the  radiation.  The  conclusion  was 
tested  and  verified  by  esperiments  on  layers  of  the  liquids 
of  two  different  tbickoesses.  I 
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The  transmiBsion  in  each  case  is  shown  to  be  consirterabiy 
augmented  by  the  introduction  of  the  platinum  wire. 

(548)  Direct  experiments  on  the  radiation  from  a  hydro- 
gen-flame completely  verily  the  inference  of  Dr.  Miller. 
I  bad  constructed  for  me  a  complete  rocksalt  train,  capable 
of  being  substituted  for  the  ordinary  glass  train  of  the  elec- 
tric lamp.  A  double  rocksalt  lens  placed  in  the  earners 
rendered  the  rays  parallel;  they  then  passed  through  a 
slit,  and  a  second  rocksalt  lens  placed  without  the  camera 
produced,  at  an  appropriate  distance,  an  image  of  the  slit. 
Behind  this  leos  was  placed  a  rocksalt  prism,  while  laterally 
stood  the  linear  thermo-electric  pile  already  described 
(5  309).  Within  the  camera  of  the  electric  lamp  viae 
placed  a  burner  with  a  single  aperture,  tbe  flame  issuing 
from  it  occupying  the  position  usually  taken  up  by  Uie  coal 
points.  This  burner  was  connected  with  a  T-piece,  from 
which  two  pieces  of  india-rubber  tubing  were  carried,  the 
one  to  a  large  hydrogen-bolder,  the  other  to  the  gas-pipe 
of  the  laboratory.  It  was  thus  in  my  power  to  have,  at 
will,  eitter  the  gas-flame  or  tbe  hydrogen -flame.  When 
the  former  was  employed,  a  visible  spectrum  was  pro- 
duced, which  enabled  me  to  fix  tbe  thermo-electric  pile  in 
itit  proper  position.  To  obtain  the  hitter,  it  was  only 
necessary  to  turn  on  the  hydrogen  until  it  reached  the 
ga»-flanie  and  was  ignited;  then  to  turn  off  the  gas  and 
leave  the  bydrogen-flame  behind.  In  this  way,  indeed, 
the  one  flame  could  be  substituted  for  tbe  other  without 
opening  the  door  of  the  camera,  or  producing  any  change 

Hrl  I'm!  comDiiiDd,  jrt  it  dues  not  emit  rajs  vliiob  biire  the  poirer  of  traven- 

ing  gliWB  ID  snj-  considerable  quantity  even  though  a  lens  be  emplojed  for 

thpir  caumnlrntian.     Upon  inttodncitig  a  cylinder  of  lima  lolo  the  jM  of 

burning  guea,  tlioogh  the  amoDnt  of  beat  ia  not  thus  ini^^reaBod,  the  Ii|^t 

liei^omcB  too  brigbt  for  the  nnpmtected  ej«  to  enduro.  and  the  tbemiic  njs 

he  propiTlif  of  traTersiDg  glass,  as  is  shown  by  their  Bi^ion  npon  a 

tor  the  bulb  of  which   is  placed  in  the  fuciu  of  Ibe  teaw,*— 

PhyBio",  1865,  p.  210. 
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ID  the  poBitionB  of  the  aource,  tbe  leases,  the  prigm,  &aii 
the  pile. 

(549)  The  spectruiTi  of  the  lumioouii  gas-flame  being  cast 
upon  the  brass  screen  (which,  to  render  the  colours  more 
vieible,  was  covered  with  tin-foil),  the  pile  woa  gradually 
moved  until  the  deflection  of  the  galvajiometer  became  a 
niaxinitim.  To  reach  this  it  was  necessary  to  paas  to 
some  distance  beyond  the  red  of  the  spectrum ;  the  deflec- 
tion then  observed  was 

30°. 
When  the  pile  was  moved  in  either  direction  from  thi.-i 
position,  the  deflection  diminished. 

(550)  The  hydrogen-flnme  waa  now  substituted  for  the 
gas-flame;  the  visible  spectrum  disappeared,  and  thr 
deflection  fell  to 

12°. 
Hence,  as  regards  rays  of  this  particular  refrungibility,  the 
emission  from  the  luminous  gas- flame  was  two -and -a- half 
tiroes  that  from  the  hydrogen-flame. 

(551)  The  pile  waa  again  moved  to  and  fro,  the  move- 
ment in  both  directions  being  accompanied  by  a  dimi- 
nished deflection.  Twelve  degrees,  therefore,  was  the 
maximum  deflection  for  the  hydrogen-flame;  and  the 
position  of  ttie  pile,  determined  previously  by  means  of  tJie 
luminous  flame,  proves  that  this  deflection  was  produced 
by  extra-red  undulations.  I  moved  the  pile  a  little 
forwards,  so  a&  to  reduce  the  deflection  from  12°  to  4°, 
and  then,  in  order  to  ascertain  the  refrangibility  of  tbe 
rays  which  produced  tliis  small  deflection,  relight«d  the 
gas.  The  face  of  the  pile  waa  found  invading  the  red. 
When  the  pile  was  caused  to  paas  successively  through 
[Hisitious  corresponding  to  the  various  colours  of  the  spec- 
trum, and  to  its  estra-viulet  rays,  no  measurable  deflection 
was  produced  by  the  hydrogen-flame. 

(55;i)  It  is  thus  conclusively  proved  that  the  radiation 


410  HEAT   AS   A    MODE   OF   MOTIO-V.  ch*p.  sii. 

from  a  hydrogeD-flame,  as  far  aa  it  is  capable  of  measure- 
inent  by  our  delicate  arrangement,  ia  estra-red.  The 
other  constituents  of  the  radiation  are  bo  feeble  as  to  be 
thermally  insensible, 

(553)  And  here  we  find  oiirselves  in  a  position  to  oflFer 
solutions  of  various  facts,  which  have  hitherto  stood  out  as 
enigmas  in  researches  upon  radiant  heat.  It  was  for  a  time 
generally  supposed  that  the  power  of  heat  to  penetrate 
diathermic  substances  augmented  as  the  temperature  of  the 
source  became  more  elevated.  Knoblauch  contended 
against  this  notion,  showing  that  the  heat  emitted  by  a 
platinum  wire  plunged  in  an  alcohol  flame  was  less 
absorbed,  by  certain  diathermic  substances,  than  the  beat 
of  the  flame  itself,  and  justly  arguing  that  the  temperature 
of  the  spiral  could  not  be  higher  than  that  of  the  body 
from  which  it  derived  its  heat.  A  plat-e  of  transparent 
glass  being  introduced  between  his  incandescent  platinum 
spiral  and  his  thermo-electric  pile,  the  deflection  of  his 
needle  fell  from  35°  to  19°;  while,  when  the  source  waa  the 
flame  of  alcohol,  without  the  spiral,  the  deflection  fell  from 
35°  to  16°.  This  proved  the  radiation  from  the  flame  to  be 
intercepted  more  powerfully  than  that  from  the  spiral;  or, 
in  other  words,  that  the  heat  emanating  from  the  body  of 
highest  temperature  possessed  the  least  penetrative  power. 
Melloni  afterwards  corroborated  this  experiment. 

(554)  Transparent  glass  allows  the  rays  of  the  visible 
spectrum  to  pass  freely  through  it ;  but  it  is  well  known  to 
be  highly  opaque  to  the  radiation  from  obscure  sources; 
or  to  waves  of  long  period.  A  plate  0*1  of  an  inch  thick 
intercepts  all  the  rays  from  a  source  of  100°  C,  and 
transmits  only  6  per  cent  of  the  heat  emitted  by  copper 
raised  to  400°  C.  Now  the  products  of  an  alcohol  flame 
are  aqueous  vapour  and  carbonic  acid,  whose  waves  have 
been  proved  to  he  of  slow  period ;  of  the  particular  cha- 
'acler,  consequently,  most  powerfully  intercepted  by  glass. 
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But  by  plunging  a  platinum  wire  intn  sucli  a  flame,  we 
virtually  convert  its  heat  Into  heat  of  higher  refrangibilHy ; 
we  change  the  long  periods  into  shorter  ones,  and  thus 
establiah  the  discord  between  the  periods  of  the  source  and 
the  periods  of  the  diathermic  glass,  which,  as  before 
defined,  is  the  phyaicai  cause  of  trauspareocy.  On  purely 
a  priori  grounds,  therefore,  we  might  infer  that  the  intro- 
duction of  the  platinum  spiral  would  augment  the  pene- 
trative power  of  the  heut.  With  a  plate  of  glass  Mellgni. 
in  fact,  found  the  following  transmissions  for  the  flame  and 
the  spiral: — 


The  same  remarks 
examined  by  Melloni. 
the  extra- red  undulatio 


to  the  transparent  selenite 
This  Bubstiince  is  hijrhly  opaque  to 
;  but  the  radiation  from  an  alco- 
hol flame  is  mainly  extra-red,  and  hence  the  opacity  of  the 
aeleuite  to  this  radiation.  The  introductiou  of  the  platinum 
spiral  shortens  the  periods  and  augments  the  transmission. 
Thus,  with  a  specimen  of  Helenit«,  Melloni  found  tho 
transmissions  to  be  as  follows: — 


(555)  So  far  the  results  of  Melloni  coincide  with  those 
of  Knoblauch;  but  the  Italian  philosopher  pursues  the 
matter  further,  and  shows  that  Knoblauch's  results,  though 
true  fur  the  particular  substances  examined  by  him,  are 
not  true  of  diathermic  media  generally.  Melloni  shows 
that  in  the  case  of  black  glass  and  black  mica,  a  striking 
inversion  of  the  effect  isobaerved:  through  these  suhstunces 
the  radiation  from  the  flame  is  more  copiously  transmilti'd 
thau  that  from  the  platinum.  For  black  glass  he  fimud 
the  following  transmissions: — 
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And  for  a  plate  of  black  mica  the  folloiriag  traaBmissioiii 


(556)  These  results  were  left  unexplaiaed  by  Melloni, 
but  the  Bolution  in  now  easy.  The  black  gla«s  and  the 
black  mica  owe  their  blackness  to  the  carbon  incorporated 
in  tbera,  and  the  opacity  of  this  substance  to  light,  ub 
already  remarked,  proves  the  accord  of  its  vibrating  periodB 
with  those  of  the  visible  spectrum.  But  it  baa  been  ehowii 
that  carbon  is,  in  a  considerable  degree,  pervious  to  the 
waves  of  long  period ;  that  is  to  say,  to  such  wavra  as  are 
emitted  by  a  flame  of  alcohol.  The  case  of  the  carbon  is 
therefore  precisely  antithetical  to  that  of  the  transparent 
glass,  the  former  transmitting  the  heat  of  long  period,  and 
tbe  latter  that  of  short  period  most  freely.  Hence  it  fol- 
lows that  tlie  introduction  of  the  platinum  wire,  by  con- 
verting the  long  periods  of  the  flame  into  short  ones, 
augments  the  tranbrnission  through  the  transparent  glass 
and  selenite,  and  dimiuishes  it  through  the  opaque  glas^ 
and  mica. 


DISCOVEKV    OF    DARK    EATS. 


CHAPTER  xrtr. 


(557)  f\S  a  former  occasion  I  promised  to  make  known 
\J  to  you  the  progress  of  recent  enijuiry  n* 
regardB  the  subject  of  invisible  radiation.  A  hope  was 
expressed  that  I  should  be  able  to  sift  in  your  presence 
the  composite  emission  of  the  electric  lamp;  to  detach 
its  rays  of  darkness  from  its  rays  of  ligbt,  and  to  show 
you  the  pi>wer  of  those  dark  rays  when  they  are  properly 
intensified  and  concentrated. 

(558)  The  hour  now  before  ua  shall  be  devoted  to  an 
attempt  to  redeem  tins  promise  and  realise  this  hope. 
And  in  the  first  place  it  is  necessary  that  we  should  have 
distinct  notions  regarding  these  dark  rays,  or  obscure 
rays,  or  invisible  rays — al!  these  adjectives  have  been 
applied  to  them.  We  have  defined  light  as  wave  motion : 
we  have  learned  that  the  different  colours  of  light  are 
due  to  waves  of  diSTerent  lengths ;  and  we  have  also  learned 
that  side  by  side  with  the  visible  rays  emitted  by  lumi- 
nous sources,  we  have  an  outflow  of  invisible  rays.  This 
accurately  expressed  means  that  together  with  thiise  waves 
which  cross  the  humours  of  the  eye,  impinge  upon  the 
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retina,  and  excite  the  Benae  of  viaion,  there  are  others 
which  either  do  not  reach  the  retiua  at  all,  or  which,  if 
they  do,  are  not  gifted  with  the  power  of  producing  that 
epeclftc  motion  in  the  optic  nerve  which  results  in  Tisioo. 
Whether,  and  in  what  degree,  the  dark  rays  of  the  electric 
light  reach  the  retina,  shall  be  decided  subeequently ;  but 
no  matter  what  may  be  the  cause  of  their  inefficacy, 
whether  it  be  due  to  their  being  quenched  in  the  humours 
of  the  eye,  or  to  a  specific  incompetence  on  their  part  to 
arouse  the  retina,  all  rays  which  fail  to  excite  viaion  are 
called  dark,  obscure,  or  invisible  rays:  white  all  rays  that 
can  excite  vision  are  called  visible,  or  luminous  rays. 

(559)  It  must  be  confessed  that  there  is  a  defect  in  the 
terminology;  for  we  cannot  see  light.  In  interstellar 
space  we  should  be  plunged  in  darkness,  though  the 
from  all  suns  and  all  stars  might  be  speeding 
through  it.  We  should  see  the  suns  and  we  bhoiild 
pee  the  stars  themselves,  but  the  moment  we  ceased  to 
fiice  a  star,  the  moment  we  turned  our  backs  upon  jt, 
its  light  would  become  darkness,  though  the  ether  all 
around  us  might  be  agitated  by  its  waves.  We  cannot  see 
the  ether  or  its  motions,  and  hence,  strictly  speaking,  it  i« 
a  misuse  of  language  to  speak  of  its  waves  or  rays  being 
visible  or  invisible.  The  terminology,  however,  has  taken 
root ;  its  convenience  has  brought  it  into  general  use,  and 
understanding  by  the  terms  visible  and  invisible  rays, 
wave  motions  which  are  respectively  competent  and  in- 
competent to  excite  the  optic  nerve,  no  harm  can  result 
from  the  employment  of  the  terras. 

(560)  To  the  detection  of  those  dark  rays  in  the  emis- 
sion of  the  sun  reference  has  been  already  made,  and 
their  existence  In  the  emission  of  that  source  which  comes 
next  to  the  sun  in  power — the  electric  light,  has  also  been 
demonstrated.  The  discoverer  of  the  dark  rays  of  the  sun 
was,  as  you  have   been    already   informed.   Sir  William 
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Herschel,  Hia  means  of  otiservation  were  far  less  perfect 
thftu  those  now  at  out  command;  b\it,  tike  Newton,  be 
could  extract  from  nature  great  results  with  very  poor 
sppliancea.  He  caused  thermometers  to  pass  through  the 
various  colours  of  the  solar  spectrum,  and  noted  the 
temperature  corresponding  to  each  colour.  He  pushed 
his  thermometers  beyond  the  extreme  red  of  the  Hpectrum, 
and  fuimd  that  the  radiation,  so  far  from  terminating  with 
the  visible  spectrum,  rose  to  its  maximum  energy  beyond 
the  red.  The  experiment  proved  that  side  by  side  with 
Ha  luminous  rays  the  sun  emitted  others  of  lower  refran- 
gibility,  which,  although  they  posseaaed  high  calorific 
power,  were  incompetent  to  excite  the  sense  of  vision. 

(561)  Now  the  rise  of  the  thermometric  column,  when  the 
instrument  is  placed  in  any  colour  iif  the  spectrum,  may 
be  represented  by  a  straight  line,     for  example,  if  a  line 


of  a  certain  length  be  taken  to  represent  a  rise  of  one 
degree,  a  line  of  twice  that  length  will  represent  a  rise 
of  two  degrees,  while  a  line  of  half  the  length  would 
represent  a  rise  of  half  a  degree.  In  order  to  show  the 
distribution  of  beat  in  the  spectrum  of  the  sun,  Sir  William 
Herscbel  adupted  this  device  of  representing  temperatures 
by  lines.  Drawing  a  horizontal  liue  A  E,  fig.  97,  to  repre- 
KDt  the  length  of  the  spectrum,  and  erecting  at  its  varioua 
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points  perpendiculars  to  represent  the  heat  of  the  spec- 
trtiin  at  those  points,  on  uniting  the  ends  of  those  perpen- 
diculars, he  obtained  a  curve,  which  eshihits  at  a  glance 
the  distribution  of  heat  in  the  solar  spectrum.  The  letter 
E  marks  a  point  in  the  blue  of  the  spectrum  where  the 
heat  first  became  sensible;  from  e  to  d,  which  marks  the 
limit  of  the  red,  the  temperature  steadily  increased,  as 
shown  by  the  increased  height  of  the  curve.  At  d  the 
visible  spectrum  ceas(Ki,  but  an  invisible  one  extended 
beyond  D  to  a,  where  it  vanished.  According,  then,  to 
the  observations  of  Sir  William  Herschel,  the  white  space 
B  D  E  represents  the  thermal  value  of  the  visible,  while 
the  black  space  a  b  D  represents  the  thermal  value  of  the 
invisible  radiation  of  the  sun. 

(562)  With  the  more  perfect  apparatus  subsequently 
devised  by  Melloni,  Professor  Miiller  of  Freiburg  examined 


the  distribution  of  heat  in  the  solar  spectrum.  The  results 
of  his  observations  are  rendered  graphically  in  fig,  98,  where 
the  area  doe  represents  the  visible,  and  A  B  c  D  the  in- 
visible radiation. 

(563)  Before  proceeding  to  our  own  measurements,  it  is 
desirable  to  make  a  few  remarks  upon  the  generation  and 
iutensificatioTi  of  rays,  visible  and  invisible.  A  solid  body 
at  the  ordinary  temperature  of  our  air  has  its  molecules  is 
motion  t  but  it  emits  rays  of  too  low  a  refrangibility,  or. 
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in  Other  words,  it  generates  uDdulationu  which  are  too 
Ion};,  end  of  too  alow  recurrence  to  excite  vjsiou.  Cod- 
ceive  its  temperature  gradually  augmented.  With  the  in- 
creased temperature  more  rapid  vthnitiuns  are  iutroduci^d 
amond  the  molecules  of  the  body ;  and  at  a  certain  tem- 
perature the  vibrations  are  sufficiently  rapid  to  affect  the 
eye  as  light.  The  body  glows,  and  first  nf  all,  as  proved  liy 
Dr.  Draper,  the  lifjht  is  a  pure  re<l.  As  the  temperature 
heightens,  orange,  yellow,  green  and  blue  are  introduced 
in  succession. 

(5fi4)  The  vibrations  corresponding  to  these  succeasive 
colours  are  essentially  new  vibrations.  But  simultaneously 
^ith  the  introduction  of  each  new  and  more  rapid  vibra- 
tion, we  have  an  in tenaifi cation  of  all  those  vtbratioTit 
which  preceded  it.  The  vibration  executed  when  our  ball 
was  at  the  temperature  of  the  air,  continues  to  be  executed 
when  the  ball  is  white  hot.  But  while  the  period  remains 
thus  constant,  the  amplitude,  on  which  the  intensity  of 
the  radiation  depends,  is  enormously  increased.  For  this 
reason,  the  rays  emitted  by  an  obscure  body  can  never 
!tpprouch  the  intensity  of  the  obscure  rays  of  the  same 
refrangibility  emitted  by  a  highly  lumiiious  one. 

(565)  Let  me  rivet  this  subject  upon  your  attention  by 
II  numerical  example  of  the  rise  in  the  intensity  of  a  special 
vibration,  while  more  rapid  ones  are  being  introduced. 
A  spiral  of  platinum  wire  was  placed  in  this  camera,  and 
in  front  of  the  camera  a  slit.  A  vultjiic  current  was  sent 
through  the  spiral,  but  not  in  sufficient  strength  to  make 
it  glow.  By  means  of  lenses  and  prisms  of  pure  rocksalt, 
and  by  other  suitable  devices,  an  invisible  spectrum  of 
the  rays  emitted  by  the  platinum  wire  was  obtained. 
A  thin  slice  of  this  spectrum  was  permitted  tu  fall 
upon  the  face  of  the  linear  thermo-electric  pile  already 
described.  The  band  of  the  spectrum  was  so  narrow  and 
the  radiation  so  weak,  that  the  deflection  of  the  galvano- 
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meter  was  in  tlie  first  instance  only  one  degree.  Wittoiit 
altering  tlie  position  of  any  portion  of  the  apparatus,  thf 
current  was  gradually  strengthened;  raising  the  temperature 
nf  the  wire,  causing  it  to  glow,  and  finally  raising  it  to  an 
intense  white  heat.  When  this  occurred  a  brilliant  light- 
spectrum  was  projected  on  the  screen  to  which  the  pile  wait 
attached,  but  the  pile  itself  was  outside  of  the  Bpectnim. 
It  received  invisible  rays  alone,  and  throughout  the  ei- 
periment  it  continued  to  receive  those  particular  vibra- 
tions which  first  affected  it.  The  rate  of  vibration  beine 
determined  by  the  position  of  the  pile,  as  this  position 
remained  throughout  unchanged,  the  vibration  waa  lui- 
changed  also. 

(5fi6)  The  following  column  of  numbers  shows  the  rise 
of  intensity  of  the  particular  obscure  rays  falling  on  the 
pile,  as  the  platinum  spiral  passed  through  its  various 
degrees  of  incandescence  up  to  white  heat. 


Dark 1 

Dutk 8 

FiLiDt  red in 

Dull  red 13 


Fullifd 27 

OranEO 80 

YpIIow 93 

Full  white 12! 


I 


Thus  we  prove  that  as  the  new  and  more  rapid  vibrations 
are  introduced,  the  old  ones  become  more  intense,  until 
at  a  white  heat  the  obscure  rays  of  a  special  refrangibilitv 
reach  an  intensity  122  times  that  possessed  by  them  at  the 
commencement.  This  abiding  and  augmentation  of  the 
dark  rays  when  the  bright  ones  are  introduced  may  be 
expressed  by  the  ])hras» pereietance  of  rays. 

What  has  been  here  demonstrated  regarding  on 
nt  platinum  spiral  is  also  true   of  the  electric 
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light.  Side  by  side  with  this  niitflow  of  intensely  luminous 
rays,  we  have  a  corresponding  outflow  of  obscure  ones. 
The  carbon  points,  like  the  platinum  spiral,  may  he  raised 
trom  a  state  of  obscure  warmth  to  a  brilliancy  almost 
equal  to  that  of  the  sun,  and  as  this  occurs,  the  obscure 
radiation  also  rises  enormously  in  intensity.  The  investi- 
gation of  the  distribution  of  beat  in  the  spectrum  of  the 
electric  light  will  yield  us  important  results,  and  will 
titly  prepare  the  way  for  those  experiments  on  invisible 
rays  to  which  I  shall  subsequently  direct  your  attention. 

(5t>8)  The  thermo-electric  pileeraployed  is  this  beautiful 
instrument  already  referred  to  as  constructed  by  Ruhni- 
korff,  It  consists,  as  you  know,  of  a.  single  row  of  ele- 
nienta  properly  mounted  and  attached  to  a  double  brass 
screen.  It  lias  in  front  two  silvered  edges,  which,  by 
means  of  a  screw,  can  be  causeii  to  close  npon  tlie  pile,  so 
as  to  render  its  face  as  narrow  as  desirable,  reducing  it  to 
the  width  of  the  finest  hair,  or,  indeed,  shutting  it  off 
altogether.  By  means  of  a  small  handle  and  long  screw, 
the  plate  of  brass  and  the  pile  attached  to  it  can  be  moved 
gently  to  and  fro,  and  thus  the  vertical  slit  of  the  pile 
can  be  caused  to  traverse  the  entire  spectrum,  or  to  pass 
beyond  it  in  both  directions.  The  width  of  the  spectrum 
was  in  each  case  equal  to  the  length  of  the  face  of  the 
pile. 

(569)  To  produce  a  steady  spectrum  of  the  electric  light, 
I  employed  a  regulator  devised  by  M.  Foucanlt  and  con- 
structed by  Puboscq,  the  constancy  of  which  is  admirable. 
A  complete  rocksalt  train  was  constructed,  the  arrange- 
ment of  which  has  been  already  indicated.  In  the  front 
orifice  of  the  camera  which  surrounds  the  electric  lamp 
was  placed  a  lens  of  transparent  rocksalt,  intended  to 
reduce  to  parallelism  the  divergent  rays  proceeding  from 
the  carbon -points.  The  parallel  beam  was  permitted 
to  pass   through   a  narrow  slit,   in  front  of  which    was 
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placed  aootber  rocktwlt  lens,  the  position  of  This  lem 
being  so  arranged  that  a  sharply-de&ned  image  of  the 
slit  wax  obtained  at  a  distance  beyond  it  equal  to  that  M 
which  the  Bpectrum  was  to  be  formed.  Imm^iatelr 
behind  this  lens  was  placed  a  pure  rocksalt  prism  (some- 
timea  two  of  them).  The  beam  was  thus  decomposed,  * 
brilliant  horizontal  spectrum  being  cast  upon  the  screen 
which  bore  the  thermo-electric  pile.  By  turning  the 
liandle  already  referred  to,  the  face  of  the  pile  could  ht 
caused  to  traverse  the  spectrum,  an  extremely  narrow 
band  of  light  or  radiant  heat  falling  upon  it  at  each 
point  of  ita  march.*  A  sensitive  galvanometer  was  con- 
nected with  the  pile,  and  from  its  deflection  the  heating- 
power  of  every  part  of  the  spectrum,  visible  and  invisible. 
was  inferred. 

(570)  Two  modes  of  moving  the  instrument  were  prac- 
tised, the  description  of  one  of  which  will  be  sufficient  here. 
The  face  of  the  pile  was  brought  to  the  violet  end  of  the 
spectrum,  where  the  beat  is  insensible,  and  then  moved, 
as  I  now  move  it,  through  all  the  colours  to  the  red  ;  then 
past  the  red  up  to  the  position  of  maximum  heat,  and 
afterwards  heyond  this  position  until  the  heat  of  the 
invisible  spectrum  gradually  faded  away.  The  foUowins 
Table  contains  a  series  of  measurements  executed  in  ihi" 
manner.  The  motion  of  the  pile  is  measured  by  turns  of 
its  handle,  every  turn  corresponding  to  the  shifting  of  the 
face  of  the  instrument  through  a  space  of  one  millimetre, 
or  Ti'^th  of  an  inch.  At  the  beginning,  where  the  in- 
crement of  heat  was  slow  and  gradual,  the  readings  were 
taken  at  every  two  turns  of  the  handle ;  on  quitting  the 
red,  where  the  heat  suddenly  increases,  the  intervals  were 
only  half  a  turn,  while  near  the  maximum,  where  the 
changes  were  most  sudden,  the  intervals  were  reduced 

*  Tho  wiilth  of  iht  liiimr  pili.  h-ub  0-o3  of  an  iuch. 
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to  a  quarter  of  a  tiirn,  which  corresponded  to  a  translatiou 
of  the  pile  through  i-J^th  of  an  inch.  Intervale  of  one 
and  of  two  turns  were  afterwards  resumed  until  the 
liealing-power  ceased  to  be  distinct.  At  every  baltiug- 
jiluce  the  deflection  of  the  needle  was  noted.  Calling  the 
maximum  effect  in  each  series  of  experiments  100,  the 
I'olumu  of  Sgures  in  the  following  Table  expresses  the 
litat  of  ail  the  other  parts  of  the  spectrum  : — 

DiiTHmmoN  nv  Hiut  in  Smctwsu  or  EtBCTnic  LtOBT. 
CiloriaD  IntflirtlT, 


Burore  diuting  {pilu  in  the  Uue) 
Twu  laiaK  lurwanl  (jireeQ  enterrd] 


(571 )  Here,  as  already  stated,  we  begin  in  the  blue,  and 
pasa  first  through  the  visible  spectrum.  Quitting  this  at 
the  place  marked  '  (pitreine  red),'  we  enter  the  invisible 
caloriHi^  spectrum  and  reach  the  position  of  maximum 
heat,  from  which,  onwards,  tbe  thermal  power  falls  (ill  it 
practically  disnppenrt. 
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(572)  More  than  a  dozen  aeries  of  bucU  measurements 
were  executed,  each  series  giving  its  own  curve.  On 
superposing  tbe  dififerent  curves  a  veryclotte  agreement  was 
found  to  exist  between  them.  The  annexed  figure  (tig.  99). 
which  is  the  mean  of  several,  expresses,  with  a  close 
approximation  to  accuracy,  the  distribution  of  heat  in  the 
spectrum  of  the  electric  light  from  fifty  ceils  of  Grove, 
The  spiice  a  b  c  d  represents  the  invisible,  while  cue 
represents  tbe  visible  radiation.  We  here  see  the  gradual 
augmentation  of  thermal  power,  from  the  blue  end  of  the 
spectrum  to  tbe  red.  But  in  the  region  of  dark  rays 
beyond  the  red  tbe  curve  shoots  suddenly  upwards  in  a 
steep  and  massive  pe:ik, — a  kiod  of  Matterhorn  of  heat — 
which  quite  dwarfs  by  its  magnitude  tbe  portion  of  the 
diagram  representing  the  visible  radiation, 

(573)  Tbe  sun's  rays  before  reaching  tbe  earth  have  to 
pass  through  our  atmosphere,  the  aqueous  vapour  of  which 
exercises  a  powerful  absorption  on  tbe  invisible  calorific 
rays.  From  this,  apart  from  other  considerations,  it 
would  follow  that  the  ratio  of  the  invisible  to  the  visible 
radiation  in  the  case  of  the  sun  must  be  less  than  in  the 
case  of  the  electric  light.  Experiment,  we  see,  juatifie& 
this  couclusion ;  for  whereas  fig.  98  shows  the  invisible 
radiation  of  the  sun  to  be  about  twice  tbe  visible,  fig.  99 
shows  the  invisible  radiation  of  the  electric  light  to  he 
nearly  eight  times  the  visible.  If  we  cause  the  beam 
from  the  electric  lamp  to  pass  through  a  layer  of  water  of 
suitable  thickness,  we  place  its  radiation  in  appro x.imately 
the  same  condition  as  that  of  the  sun ;  and  on  decom- 
posing the  beam  after  it  has  been  thus  sifted,  we  obtain 
a  distribution  of  heat  closely  resembling  that  observed  in 
the  solar  spectrum, 

(574)  The  curve  representing  the  distribution  of  heat 
in  the  electric  spectinim  falls  moat  steeply  on  that  side  of 
the  maximum  which  is  most  distant  from  the  red. 
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both  sides,  however,  we  have  a  continuous  falli:i_ 
have  made  numerous  experiments  to  ascertain  whether 
there  is  any  interruption  of  continuity  in  the  calorific 
spectrum;  but  all  the  meosurenieuts  hitherto  executed 
with  artificial  sources  reveal  a  gradual  and  continuous 
augmentation  of  heat  from  the  point  where  it  first  becomes 
sensible  up  to  th^  maximum. 

(57fi)  Sir  John  Herschel  has  shown  that  this  is  not  the 
case  with  the  radiation  frora  the  sun  when  anal^-sed  by  a 
riint-glass  prism.  Permitting  the  solar  Bpectnini  to  fall 
upon  a  sheet  of  blackened  paper,  over  which  had  bet-n 
Hpread  a  wash  of  alcohol,  this  eminent  philosopher  deter- 
mined by  its  drying-power  the  heating-power  of  the  spec- 
trum. He  found  that  the  wet  surface  dried  in  a  series 
of  spots  representing  thennal  maxima  separated  from 
oach  other  by  spaces  of  comparatively  feeble  calorific 
inteusity.  No  such  maxima  and  minima  were  observed 
iu  the  spectrum  of  the  electric  light,  nor  in  the  spectrum 
of  a  platinum  wire  raised  to  a  white  heat  by  a  voltaic 
current.  Prisms  and  lendes  of  rocksalt,  of  crown  glasa. 
:in<i  of  flint  glass  were  employed  in  these  cases.  In  other 
experiments  the  beam  intended  for  analysis  was  caused 
to  puss  through  layers  of  water  and  other  liquids  of 
various  thicknesses.  Giises  and  vapours  of  various  kinds 
were  also  introduced  into  the  path  of  the  beam,  la  all 
cases  there  was  a  general  lowering  of  the  calorific  power, 
but  the  descent  of  the  curve  on  both  aides  of  the  maximum 
was  unbroken,' 

(576)  The  rays  from  an  obscure  source  cannot,  as 
already  remarked,  compete  in  point  of  intenaity  with  the 
obscure  rays  of  a  luminous  source.  No  body  heated  under 
incandescence  could  emit  rays  of  an  intensity  comparable 
to  those  of  the  maximum  region  of  the  electric  spectrum, 
t  this  question  to  t  ntoM   stttn 
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It",  therefore,  we  wiah  to  produce  intense  caloritic  effects  by 
iiiviaible  rays,  we  must  choose  those  emitted  by  an  iiittu.icU' 
himinoua  source.  The  c|iie9tion  then  arises,  how  are  the  in- 
visible ealorific  rays  to  be  iBolivted  from  the  visible  ones  ? 

(577)  The  interposition  of  au  opaqtiB  sereen  wuftices  to 
cut  off  the  visible  spectrum  of  the  electric  light,  and  leaves 
na  the  invisible  calorific  rays  ta  operate  up<)n  at  our  plea- 
.sure.  Sir  William  Hersebel  experimented  thus  when  bi> 
sought,  by  concentrating  them,  to  render  the  invisible  rays 
of  the  GUn  visible.  But  to  form  a  spectrum  in  which  the 
invisible  raya  shall  be  completely  aeparated  from  the  visible 
onea,  a  narrow  slit  or  a  amall  aperture  i^  necessary ;  and 
tliiii  circumstance  renders  the  amount  of  heat  separable 
liy  prismatic  analysis  very  limited.  If  we  wish  to  ascertain 
what  the  intensely  concentrated  invisible  raya  can  accom- 
plish, we  must  devise  some  other  mode  of  detaching  them 
from  their  visible  companiona;.  We  must,  in  fact,  discover 
;t  siibfitauce  which  shall  filter  the  composite  radiation  of  a 
Uiminoua  source  by  stopping  the  visible  rays  and  allowing 
the  iuviiiible  ones  free  transmission. 

(578)  The  main  object  of  these  researches  was,  as 
already  intimated,  to  make  radiant  beat  an  explorer  of 
molecular  condition,  and  the  marked  difference  between 
elementary  and  compound  bodies  which  the  experiments 
reveal  is,  in  my  estimation,  a  point  destined  to  be  fruitful 
in  important  cooseqiieucea.  Ah  soon  as  this  difference 
came  clearly  out  in  tlie  case  uf  gases,  liijuids  were  looked 
to,  and  the  action  of  such  as  I  was  able  to  examine  fell 
in  surprisingly  with  the  previously  observed  deportment  of 
gaseous  bodies.  Could  we  then  obtain  a  black  elementary 
body  thoroughly  homogeneous,  and  with  all  its  parts  in 
perfect  optical  contact,  we  should  probably  find  it  an 
effectual  filter  for  the  radiation  of  the  sun  or  of  the  elec- 
tric light.  While  cutting  off  the  visible  radiation,  the 
black  element  would,  probably,  allow  the  invisible  to  pass. 


K  wit] 
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(579)  Carbon  ia  the  state  of  aoot  ie  black,  but  lU 
parts  are  not  optically  continuous.  In  black  glass  the 
continuity  is  far  more  perfect,  and  hence  the  result 
established  by  Alelloni,  that  black  glass  possessea  a  con- 
siderable power  of  transmission.  Gold  in  ruby  glast;,  or 
in  a  state  of  jelly  prepared  by  Mr.  Faraday,  is  exceedingly 
transparent  to  the  invisible  calorific  rays,  but  it  is  nol 
black  enough  to  quench  entirely  the  visible  ones.  The 
densely-brown  liquid  bromine  is  better  suited  to  our 
purpose;  for,  in  thicknesses  siiificient  lo  quench  the  light 
of  our  brightest  flames,  this  element  displays  extraordinary 
diathermancy.  Iodine  cannot  be  applied  in  the  solid 
condition,  but  it  dissolves  freely  in  various  liquids,  the 
solution  in  some  cases  being  intensely  dark.  Here,  how- 
ever, the  action  of  the  element  may  be  marked  by  that 
of  its  solvent.  Iodine,  for  example,  dissolves  freely  in 
alcohol ;  but  alcohol  is  so  destructive  of  the  extra-red  rays, 
that  it  would  he  entirely  unfit  for  experiments  the  object 
of  which  is  to  retain  these  rays,  while  quenching  the  visible 
f)nes.  The  same  remark  applies  in  a  greater  or  less  degree 
to  many  other  solvents  of  iodine. 

(580)  The  deportment  of  bisulphide  of  carbon,  both  as 
a.  vapour  and  a  liquid,  suggests  the  thought  that  it  would 
form  a  most  suitable  solvent.  It  is  extremely  diathermic, 
and  there  is  hardly  another  substance  able  to  hold  so  large 
a  quantity  of  iodine  in  solution,  Experimeuts  already 
recorded  (§  506)  prove  that,  of  the  raya  emitted  by  a 
red-hot  platinum  spiral,  9-1-5  per  cent,  is  transmitted  by  a 
layer  of  the  liquid  0*02  of  an  inch  in  thickness,  the  trans- 
mission through  layers  0-07  and  0*27  of  an  inch  thick 
being  S7'5  and  82"5  respectively.  Another  experiment 
with  a  layer  of  greater  thickness  will  exhibit  the  deport- 
ment of  the  transparent  bisulphide  towards  the  far  more 
intense  radiation  of  the  electric  light. 

(_58l)  This  cylindrical  cell,  2  inches  in  leugfth  i 


^h  and  ad 
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inches  in  diameter,  with  its  ends  stopped  by  plates  of 
perfectly  transparent  rocksalt,  was  placed  empty  in  front 
of  an  electric  lamp;  the  radiation  from  the  lamp,  after 
having  crossed  the  cell,  fell  upon  a  thermo-electric  pile, 
and  produced  a  deflection  of 

73°. 

Leaving  the  cell  undisturbed,  the  transparent  bisulphide 
of  carbon  was  poured  into  it ;  the  deflection  fell  to 
72°. 

A  repetition  of  the  experiment  gave  the  following 
results ; — 

Throofch  empty  c«Il        ....     74° 
Through  biaulphid 73 

Taking  the  values  of  these  deflections  from  a  Table  of 
cnlibratinn  and  calculating  the  transmission,  that  through 
the  empty  cell  being  100,  we  obtain  the  following  re- 

sulta : — 


For  the  flrtt  nperiment  B4'9  por  c( 

Fur  Tile  MCODil  cipBiiment  .     9('6        „ 

Meui     .        .    M-8 

Hence  the  introduction  of  the  bisulphide  lowers  the 
iransmiasion  only  from  100  to  94"8.* 

(582)  A  po-fect  solvent  of  the  iodine  would  be  entirely 
neutral  to  the  total  radiation;  and  the  bisulphide  of 
carlwu  is  shown  by  the  foregoing  experiment  to  approach 
very  near  perfection.  We  have  in  it  a  body  capablt- 
of  transmitting  with  little  loss  the  total  radiation  of  the 
electric  light.  Our  object  is  now  to  filter  this  total,  by 
the  introduction  into  the  bisulphide  of  a  subntance  com- 
petent to  quench  the  visible  and  transmit  the  invisible 
rays^.  That  iodine  does  this  with  marvellous  sharpness  i( 
is  now  my  business  to  prove. 

*  The  diminution  of  iho  rrflectloa  (ram  the  eiiiei  of  ths  coll  by  the  ii>- 
tr«(lut.'tiaD  (if  the  bimlphido  ii  cot  bpre  Ukpn  into  account. 
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(583)  A  rocksalt  cell,  filled  with  the  transparent  bisul- 
phide of  carbon,  was  placed  in  fnmt  of  the  camera  wliith 
contained  the  white-hot  platinum  spiral.  Tije  transpurent 
liquid  was  then  drawn  off  and  its  place  supplied  l>y  the 
solutiou  of  iodine.  The  deflections  observed  in  the  re- 
spective cases  are  as  follows : — 

RiDUnos  FBiiM  White-hot  Platcicm. 
Through  UniUitMnni  lUiuM  Ttmiiieb  opaiiuc  liquid 


(584)  All  the  luminous  rays  passed  through  the  trails- 
paient  bisulphide,  none  of  them  passed  through  the  eohition 
of  iodiue.  Stilt  we  see  what  a  small  effect  is  produced 
by  their  withdrawal.  The  actual  proportion  of  lumiaouB 
to  obscure  rays,  as  caiculat«d  from  the  above  observations, 
may  be  thus  espressed  : — 

Dividing  the  radiation  from  a  platinum  tvire  raised 
to  a  dazzling  whiteness  by  an  electric  cuiTent  into  twen^ 
four  equal  paiia,  one  of  those  parts  'is  luminous,  and 
twenty-three  obscure. 

(585)  A  bright  gas  flame  wa«  substituted  for  the  plati- 
num spiral,  the  top  and  bottom  of  the  flame  beiug  abut 
off,  and  its  most  brilliant  portion  chosen  as  the  source  of 
rays.  The  result  of  forty  experiments  with  this  souri'e 
may  be  thus  expressed : — 

Dividing  the  radiation  from  Oiemost  brilliant  portion 
of  a  flame  of  coal  gas  into  twenty-five  equal  parte,  one 
of  those  parts  is  luminous  and  twenty-four  obscure. 

(586)  I  next  examined  the  ratio  of  obscure  to  lutninous 
rays  in  the  electric  hght,  A  battery  of  fifty  cells  wan 
employed,  and  the  rocksalt  lens  was  used  to  ri:-nder  the 
rays  from  the  coal  points  parallel.  To  prevent  the  de- 
flectiou  from  reaching  an  inconvenieuC  magnitude,  the 
parallel  rays  were  caused  to  pass  through  a  ciroilar  aperture 
O'l   of   an  inch    in  diameter,  and  were  went   alternatelv 
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throtiL!;h  the  transparent  bisulpliiile  ami  the  op!K|i)e  solutioo. 
It  is  not  easy  to  obtjiin  perfect  ateadioess  on  the  part  of 
the  ek'ctric  light ;  but  three  experiments  carefully  executed 
gave  the  following  deflections : — 

lUnuTiflx  FRaM  EucTRic  LiaiiT, 

Through  Thraa^h 


Exprriinont  No.  T.         .        .        .         73-0'  70-U° 

Biperimenr  No,  II.       .        .        .         7fl'5  750 

Kipariinant  So.  111.     .        .  T7"S  764 

(.'alculating  from  these  measurements  the  proportion  of 
luminous  to  obscure  heat,  the  result  may  be  thus  ex- 
pressed;— 

Dividing  the  ra(VMtion  from  the  eleclric  light  produced 
by  a  Grove's  battery  of  fifty  cells,  irito  ten  equal  parte, 
one  nf  those  parts  is  luminous  and  nine  obscure. 

The   results   hitherto   obtained    with    various   sources, 
radiating  through  iodine,  may  be  thus  tabulateil : — 
JUuuTiuN  THnoruii  iiwsoL*Bn  Iooijie. 
Bmimi  AIi»r|'"'">  Triin><nl>tkiM 

Dark  «|iinil 

Itml-tiot  fipinil   , 
lljclmgcn  flame 
Oil  Abiho   .... 
Qua  tliino  .... 
Wliitp-hot  apiml 
Elcctrii;  light     . 

(.587)  Subsequent  experiments  with  a  battery  of  fifty 
cells  made  the  transmission  in  the  case  of  the  electric 
light  89,  and  the  absorption  11.  Considering  the  trans- 
parency of  the  iodine  for  heat  emitted  by  nil  sources 
heated  barely  up  to  incandescence,  as  exhibited  in  tht^ 
alwve  table,  it  may  be  inferred  that  the  absorption  of  1 1 
per  cent,  represents  the  caloritic  intensity  of  the  Invii- 
iiniis  mi/8  alone.  By  the  method  of  filtering,  therefore, 
we    make    the    invisible    radiation    of   the   elt-ctric    light 
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eight  UmBB  the  visible.  Computing,  by  means  of  a  proper 
scale,  the  area  of  the  Hpaces  a  b  c  d,  c  d  e  (fig.  99),  the 
former,  which  represents  tlie  Invisible  emiseioo,  ie  fouod 
to  be  7'7  times  the  latter.  Prismatic  aaalysis,  therefore, 
and  the  method  of  Altering  yield  almost  exactly  the  aame 
result. 

(088)  It  is  plain  from  the  description  of  the  experiments 
that  the  foregoing  results  refer  to  the  action  of  the  iodine 
ilissolveil  in  the  bisulphide  of  carVwu.  The  transmission 
of  100,  for  example,  does  not  indicate  that  the  sohition 
itself,  but  that  the  iodine  in  the  solution  is  perfectly  dia- 
thermic to  the  radiation  from  the  first  four  sources. 

(589)  Having  thus,  in  the  sohition  of  iodine,  found  a 
means  of  almost  perfectly  detaching  the  obscure  from  the 
luminous  heat-rays  of  electric  light,  we  are  able  to  operate 
at  will  upon  the  former.  I  place  a  rocksalt  lens  in  this 
camera  ho  aa  to  form  a  small  image  of  the  coal-points.  A 
Imttery  of  forty  cells  being  employed,  the  track  of  the 
cone  of  rays  emergent  from  the  lamp  is  plainly  seen  in 
the  air,  and  their  point  of  convergence  therefore  easily 
Jixed.  Fixing  the  cell  containing  the  opaque  solution  in 
front  of  the  lamp,  the  luminous  cone  is  entirely  cut  off, 
but  the  intolerable  temperature  of  the  focus,  when  the 
hand  is  placed  there,  shows  that  the  calorific  rays  are  still 
transmitted.  Placing  successively  in  the  dark  focus  thin 
plates  of  tin  and  zinc ;  they  are  speedily  fused ;  matches 
are  ignited,  gun-cotton  is  exploded,  and  brown  paper  set 
on  fire.  With  a  battery  of  sixty  of  Grove's  cells,  all  these 
results  are  readily  obtained  with  tlie  ordinary  glass  lenseti 
of  Duboscq's  electric  lamp.  It  is  extremely  interesting  to 
observe  in  the  middle  of  the  air  of  a  perfectly  dark  room 
ft  piece  of  black  paper  suddenly  pierced  by  the  ini'lsible 
rays,  and  the  burning  ring  expanding  on  all  sides  irom 
the  centre  of  ignition. 

"^*)0)  On  November  15,  1864,  a  few  experiments  i 
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made  cm  solar  light.  The  henvena  were  not  free  from 
cloiiils,  nor  the  London  atmosphere  from  smokf,  and  at 
Iti'st  only  a  portion  of  the  action  which  a  clear  day  would 
have  piveu  waa  obtained.  Happening  to  possess  this 
hollow  lens,  I  filled  it  with  the  concentrated  soliition  of 
iiwline.  Placed  in  the  path  of  the  solar  rays,  a  faint 
red  ring  was  Imprinted  on  a  sheet  of  white  paper  held 
l>ehind  the  lens,  the  ring  contracting  to  a  faint  red  spot 
when  the  focus  of  the  lens  was  reached.  It  was  im- 
mediately found  that  this  ring  was  produced  by  the  light 
which  had  penetrated  the  thin  rim  of  the  liquid  lens. 
Pasting  a  zone  of  black  paper  round  the  rim,  the  ring  waa 
entirely  cut  off  and  no  visible  trace  of  solar  light  crossed 
the  lens.  At  the  focus,  whatever  light  passed  would  be 
intensified  nine  hundredfold  ;  still  even  here  no  light  was 
risible, 

(591 )  Not  80,  however,  with  the  sun's  obscure  rays;  the 
focus  was  burning  hot.  A  piece  of  hiact  paper  placed 
there  was  instantly  pierced  and  set  on  fire;  and  by  shifting 
the  paper,  aperture  after  aperture  was  formed  in  quick 
succession.     Gunpowder  was  also  exploded. 

(592)  From  the  setting  of  paper  on  fire  and  the  fusion 
of  non-refractory  metals  to  the  rendering  of  refractory 
bodies  incandescent  by  the  invisible  rays,  the  step  was 
immediate  and  inevitable.  And  here  the  enquiry  derived 
a  stimulus  from  the  fiict,  that  on  theoretic  grounds  some 
eminent  minds  doubted  whether  the  attainment  of  incan- 
descence by  invisible  rays  was  possible.  A  moment's 
reflection  will  make  plain  to  you  that  the  success  of  the 
experiment  involved  a  chanrje  of  -period  on  the  part  of 
the  calorific  waves.  For  if  without  the  aid  of  combtistion, 
waves  of  too  slow  a  rectirrence  to  excite  the  sense  of  vision 
were  to  render  a  refractory  body  Itiminous,  it  could  only  be 
by  compelling  the  molecules  of  that  body  to  vibrate  more 
rapidly  than  the  waves  which  fell  upon  Ihem.     Whether 
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this  change  of  period  could  be  effected  had  been  Loog'^ 
sidered  doubtful. 

(J93)  A  few  preliminary  ejtperiments  with  plal 
foil,  which  reaulted  in  failure,  ritiaed  the  i^iiestiuu  wheth«r. 
even  with  the  tol<U  radiation,  bright  and  dark,  of  the 
electric  light,  it  would  be  possible  to  obtain  in  candescence 
without  cotiihustion.  Abandoning  the  use  of  leases  alto- 
gether, a  thiti  leaf  of  platinum  was  caused  to  appmach 
the  ignited  coa!-point«.  It  was  observed  by  myself  from 
behind,  while  my  assistant  atoijd  beside  the  lamp,  aod, 
looking  through  a  dark  glawi,  watched  the  distance  be- 
tween the  platinura-foil  and  the  electric  light.  At  half  tin 
inch  from  the  carbon-points  the  metal  became  led-hot. 
The  problem  now  before  me  was  to  obtain,  at  a  greater 
distance,  a  focus  of  rays  which  should  possess  a  heatin"- 
power  equal  to  that  of  the  direct  rays  at  a  distance  of  half 
an  inch, 

(594)  In  the  first  attempt  the  direct  rays  were  utilizetl 
as  much  as  possible.  A  piece  of  platinum-foil  was  placed 
at  a  distance  of  an  inch  from  the  carbon-points,  there 
receiving  the  direct  radiation.  The  rays  emitted  6(r<^ 
wards  from  the  points  were  at  the  same  time  converged 
by  this  small  mirror  upon  the  foil,  and  were  found  more 
than  sufficient  to  compensate  for  the  diminution  of  inten- 
sity due  to  the  withdrawal  of  the  foil  to  the  distance  of  an 
inch.  By  the  same  method,  incandescence  was  sulise- 
quently  obtained  when  the  foil  was  removed  two,  and  even 
three,  inches  from  the  carbon -points. 

(595)  This  enabled  me  to  introduce  between  the  focus 
and  the  source  of  rays  a  cell  containing  the  aolution  of 
iodine.  The  dark  rays  transmitted  were  found  of  sufficient 
power  to  rnfiitvie  paper,  or  to  raise  platinum-foil  to  inoMi- 
descence, 

(596)  The  experiments,  however,  were  not  unatteudeil 
with  danger.     The  bisulphide  of  carbon  is  extremely  io- 

pmable:  and  on  tbe  2nd   of  November    1864,   wbi!e 
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employing  a  very  powerful  liattery  and  intenselj-^iejited 
(.■Rrbon-points,  the  siibfitance  tuok  fire,  and  instantly  en- 
veloped the  electrio  tatnp  and  all  its  appurteDitDcen  In 
Hame.  Happily  the  precautiou  had  been  taken  of  plmiing 
the  entire  apparatus  in  aflat  veRsel  containing  water,  into 
which  the  flaming  mass  was  summarily  turned.  The  bisul- 
phide of  uiirbon  being  heavier  than  the  water,  sank  to  the 
bottjim,  BO  that  the  flames  were  speedily  extinguished. 
Similar  accidents  occurred  twice  subsequently, 

(597)  Such  occurrences  caused  me  to  seek  earnestly  for  a 
substitute  for  the  bisulphide.  Pure  chloroform,  though  not 
so  diathermic,  transmits  the  invisible  rays  pretty  copiously, 
and  it  freely  dissolves  iodine.  In  layers  of  the  thicknet^B 
employed,  however,  the  solution  was  not  aufficiently  opaque ; 
nnd  its  absorptive  power  enfeebled  the  eflTecta.  The  same 
remark  applies  to  the  iodides  of  methyle  and  ethyle,  to 
benzole,  acetic  ether,  and  other  subtstancee.  They  all 
dissolve  iodine,  but  they  weaken  the  results  by  their  action 
on  the  dark  rays, 

( 598)  Special  cells  were  then  constructed  for  the  element 
Ijromine  and  for  chloride  of  sulphur.  Neither  of  these 
substances  is  inflammable;  but  they  are  both  intensely 
corrosive,  and  their  action  upon  the  lungs  and  eyes  is  so 
irritating  aa  to  render  their  employment  impracticable. 
With  both  liquids,  however,  powerful  effects  were  ob- 
tained; still  their  iliatherraancy  did  not  come  up  to  that 
of  the  dissolved  iodine.  Bichloride  of  carbon  would  Ije 
invaluable  if  its  solvent  power  were  equal  to  that  of  the 
bisulphide.  It  is  not  at  all  inflammable,  and  its  own 
diathermancy  appears  equal  to  that  of  the  bisulphide,  But 
in  reasonable  thicknesses  the  iodine  which  it  can  dissolve 
is  not  sufficient  to  render  the  solution  perfectly  opaque. 
Tlie  solution  forms  a  purple  colour  of  exquisite  beauty ;  and 
though  unsuited  to  strict  cnicial  experimenta  on  dark  rays, 
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tliis  filter  may  be  employed  with  excellent  effect  in  dan 
experiments. 

(599)  Thus  foiled  in  my  attempts  to  obtain  a  solvent 
equally  good  sr,  and  less  dangerous  than,  the  bisulphide  of 
carbon,  I  gougbt  to  reduce  the  danger  of  employing  it  to 
u  minimun].  A  tin  cumera  was  constructed,  within  whlcb 
were  placed  both  the  lamp  and  its  eonverging  mirror. 
Through  an  aperture  in  front,  2  J  inches  wide,  the  cone  of 
reflected  rays  issued,  forming  a  focus  outside  the  camera. 
Underneath  this  aperture  was  riveted  a  stage,  on  which  tbt 
solution  of  iodine  rested,  thiis  closing  the  aperture  and 
cutting  off  all  the  light.  At  first  nothing  intervened  be- 
tween the  cell  and  the  carbon-points ;  but  the  peril  of  thu* 
exposing  the  bisulphide  caused  me  to  make  the  followii^ 
improvements.  A  perfectly  transparent  plate  of  rocksali. 
secured  in  a  proper  cap,  was  employed  to  close  the  aperhirei 
and  by  it  all  direct  commiinication  between  the  solution 
and  the  incandescent  carbons  was  cut  off.  The  aper- 
ture was  then  surrounded  by  an  annular  space,  about  2i 
inches  wide  and  a  quarter  of  an  inch  deep,  through  which 
cold  water  was  caused  to  circulate.  The  cell  contaiaiaf 
the  solution  was  moreover  surrounded  by  a  jacket,  and  At 
current  of  water,  having  completed  its  course  round  tb* 
aperture,  passed  round  the  cell.  Thus  the  apparatus  wk 
kept  cold.  The  neck  of  the  cell  was  stopped  by  a  closdv- 
titting  cork  ;  through  this  passed  a  piece  of  glass  tubing' 
which,  when  the  cell  was  placed  upon  its  stage,  ended  at  > 
considerable  height  above  the  focus.  Experiments  on  oom- 
buation  might  therefore  be  carried  on  at  the  focus  -withMU 
fear  of  igniting  the  vapour  which,  even  under  the  imnrorcd 
conditions,  might  escape  from  the  bisulphide  of  carbon. 

(600)  The  arrangement  will  be  at  once  undentood  b» 
reference  to  figs.  100  and  101,  which  show  the  camera,  lamp, 
and  filter  both  from  the  side  and  from  the  front.  xyixHa 
mirror,  fnmi  which  the  reflected  t-ont  of  rays   passes,  fir*. 
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through  the  rock-gait  window,  and  afterwards  through  the 
iodine  filter  m  n.  The  rays  converge  to  the  fociis  k; 
where  they  would  form  an  invisible  image  of  the  lower 
carbon-point;  the  image  of  the  upper  would  be  thrown 
below  k.  Bofk  imagee  spriyig  vividly  foi-th  w)ttn  a  leaf  of 
platinized  platinum  is  exposed  at  the  focus.  At  e  s,  figs. 
100  and  101,  is  shown,  in  section,  and  in  plan,  the  annular 
space  in  which  the  culd  water  circulates. 


((iOI)  With  this  arrangement,  and  a  battery  of  fifty 
cells,  the  following  results  were  obtained  ;  — 

A  piece  of  oilver-leaf,  fastened  to  u  wire  ring,  and  tar- 
nished by  exposure  to  the  fumes  of  sulphide  of  ammonium, 
being  hold  in  the  dark  focus,  the  film  was  raised  to  vivid 
rt-dneas. 
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(602)  Copper-leaf  tamJttlied  in  a  similar  uanDer,  when 
placed  at  the  (ociis,  was  raised  to  redness. 

(603 )  A  piece  of  platinized  platimim-foil  wae  supportetl 
in  an  exhausted  receiver,  the  vessel  bt-ing  so  plac«d  thai 
the  focus  fell  upon  the  platinum.  The  heat  of  the  focuet 
was  iuatJintly  converted  into  light,  a  clearly -defined  and 
inverted  iini^  of  the  points  being  stamped  upon  the  metal. 
Fig.  102  represents  the  thermograph  of  the  carbooE, 

(604)  Blackened  paper  was  now  substituted  for  the 
platinum  in  the  exhausted  receiver.  Placed  at  the  fucus  of 
invisible  raya,  the  paper  wa«  instantly  pierced,  a  cloiid  o( 
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smoke  was  poured  throu-rli  the  openiug,  and  fell  like  a 
i-'ascade  to  the  bottom  of  the  receiver.  The  paper  seemed 
to  burn  without  incandescence.  Here  also  a  tbenuogruili 
of  the  coal-points  was  stamped  out.  When  black  paper 
is  placed  at  the  focus,  where  the  thermal  image  is  well 
defined,  it  is  always  pierced  in  two  points,  aoswering  to 
the  images  of  the  two  carbons.  The  superior  heat  of  tbe 
positive  carbon  is  shown  by  the  fact  that  its  image  firrt 
pierces  the  paper;  it  burns  out  a  large  space,  and  showa 
its  peculiar  crater-like  top,  while  the  negative  carboB 
usually  pierces  a  small  hole. 

(605)  Paper  reddened  by  the  iodide  of  mercury  had  it* 
colour    discharged   at  the   places  on    which   the  invisible 
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image  of  the  coal-pointa  fell  upon  it,  thcmgh  not  with  tlu' 
expected  promptnesB. 

(606)  Diacs  of  paper  reduced  to  carboD  by  different 
processes  were  raised  to  brilliant  incondesoence,  both  in 
tlie  air  and  in  the  exhausted  receiver. 

(607)  In  these  earlier  experimenta  an  apparatus  wum 
employed  which  had  been  constructed  for  other  purpose?. 
The  mirror,  for  example,  was  one  detached  from  a  Diiboaeq's 
camera ;  it  waa  first  silvered  at  the  back,  but  afterwards 
silvered  in  front.  The  cell  employed  for  the  iodine  solu- 
tion was  also  that  which  usually  accompanies  Duboscq'H 
lamp,  being  intended  by  its  maker  fur  a  solution  of  alum. 
Its  sides  are  of  good  white  glass,  the  width  from  Hide  to 
side  being  1-2  inch, 

(608)  A  point  of  considerable  theoretic  importance  was 
involved  in  these  experiments.  In  his  excellent  rese&rchen 
on  fluorescence,  Professor  Stokes  had  invariably  found  the 
refrangibility  of  the  incident  light  to  be  Itnvered.  Thin 
rule  was  so  constant  as  almost  to  enforce  the  conviction 
that  it  was  n  law  of  nature.  Hat  if  tbe  raya  which  in  the 
foregoing  experiments  raised  platinum  and  gold  and  silver 
to  a  red  beat  were  wholly  ultra-red,  the  rendering  visible 
of  the  metallic  films  would  be  an  instance  of  raited  re- 
frangibility. 

And  here  I  thought  it  desirable  to  make  sure  tliat  no 
trace  of  visible  radiation  passed  through  the  solution,  and 
also  that  the  invisible  radiatiou  was  rxclusively  ultra- 
red. 

(ti09)  This  latter  condition  might  seem  to  be  unneces- 
sary, because  the  calorific  action  of  the  ultra-violet  rayw 
i.s  Bii  exceedingly  feeble  (in  fact  so  immeasurably  ainall) 
that,  even  supposing  them  to  reach  the  platinum,  their 
heating-power  would  be  an  utterly  vanishing  ijuantity. 
Still  the  exclusion  of  all  rays  of  high  refrangibility  was 
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necessary  to  the  complete  solution  of  the  problem.     Hence, 

thougli  the  iodine  employed  in  the  foregoing  experiments 
was  sufficient  to  cut  off  the  light  of  the  sua  at  dood,  I 
wished  to  submit  its  opacity  to  a  severer  test.  The  follow- 
ing experiments  were  accordingly  executed. 

(610)  The  rays  from  the  electric  lamp  being  duly  con- 
verged by  the  mirror,  the  iodine-cell  was  placed  in  the 
path  of  the  convergent  beam,  its  light  l»ing  thereby  to 
all  appearance  totally  intercepted.  With  a  piece  of  pla- 
tinum-foil the  focus  was  found  and  marked,  and  a  cell 
containing  a  solution  of  alum  was  then  placed  between  the 
focus  and  the  iodine-cell.  The  alum  solution  diminisbed 
materially  the  invisible  radiation,  but  it  was  without  sensi' 
ble  influence  upon  visible  rays. 

(611)  All  stray  light  issuing  from  the  crevices  in  the 
lamp  being  cut  off,  and  the  daylight  also  being  excluded 
from  the  room,  the  eye  was  caused  slowly  to  approach  the 
focus.  On  reaching  it,  a  singular  appearance  presented 
itself.  The  incandescent  coke-points  of  the  lamp  were 
seen  black,  projected  on  a  deep-red  ground.  Their 
motions  could  be  followed,  and  when  brought  into  con- 
tact, a  white  space  was  seen  at  the  extremities  of  the 
points,  appearing  to  separate  them.  The  points  were  seen 
erect.  By  careful  observation  the  whole  of  the  points 
could  be  observed,  and  even  the  liolders  which  supportei. 
them,  The  black  appearance  of  the  incandescent  portion 
of  the  points  was  here  ouly  relative;  they  appeared  dark 
because  they  intercepted  more  of  the  light  reflected  from 
the  mirror  behind  than  they  could  make  good  by  their 
tiireet  emission. 

(612)  The  solution  of  iodine,  1-2  inch  in  thickness, 
proving  thus  unequal  to  the  test  applied  to  it,  I  had 
two  other  cells  conetrueted— the  one  with  transparent  rock- 
salt  sides,  the  other  with  glass  ones.  The  width  of  the 
former  wa.f  2  inches,  that  of  the  latter  nearly  2^  ind 


CHAP.  nil.      F-FrECT  OF  HEAT-KAYS  ON  OPTIC  NERVE.      439 

Filled  witL  the  Botution  of  iodine,  ihese  cella  were  placed 
in  succession  in  front  of  the  camera,  and  tbe  coDceutrnted 
beam  was  sent  through  them.  Determining  the  focus  aa 
before,  and  afterwards  introducing  the  alum-cell,  the  eye 
on  being  brought  up  to  the  focus  received  no  Impreseiou 
of  light. 

{612rt)  The  alum-cell  was  then  abandoned,  and  the  un- 
defended eye  was  caused  to  approach  the  focus :  the  heat 
WBA  intolerable,  but  it  seemed  to  affect  the  eyelids  and  not 
the  eye  itself.  An  aperture  somewhat  larger  than  the  pupil 
being  made  in  a  metal  screen,  tbe  eye  was  placed  behiuil  it, 
and  brought  slowly  and  cautiously  up  to  the  focus.  The 
concentrated  beam  entered  the  pupil;  but  no  impression  of 
light  was  produced,  nor  was  the  retina  sensibly  affected  by 
the  heat.  Tbe  eye  was  then  withdrawn,  and  a  plate  of 
platinized  platinum  wns  placed  in  the  position  occupied  by 
the  retina  a  moment  before.  It  iustuutly  rose  to  vivid 
redness.*  The  failure  tu  obtain,  with  the  most  sensitive 
media,  the  slightest  evidence  of  fluorescence  at  the  obscure 
focus,  pro ve<i  the  invisible  rays  to  be  exclusively  ultra-red. 
It  will  be  subsequently  shown  that  a  considerable  portion 
of  these  rays  actually  reached  the  retina. 

(613)  When  intense  effects  are  sought  after,  we  collect 
as  many  of  the  invisible  rays  as  possible,  and  concentrate 
them  on  the  smallest  possible  space.  Tlie  nearer  tbe 
'mirror  is  to  the  source  of  rays,  the  more  of  these  rays 
will  it  intercept  and  reflect,  and  the  nearer  the  fixius  is 
to  the  same  source,  the  smaller  will  tlie  image  be.  To 
secure  proximity  both  of  focus  and  mirror,  the  latter  must 
be  of  short  focal  length.  If  a  mirror  of  long  focal  length 
l>e  employed,  its  distance  from  the  source  of  rays  must  be 
considerable  to  bring  tbe  focus  near  tbe  source,  but  when 
placed  thus  at  a  distance,  a  great  number  of  rays  escape  the 


•  1  do  n. 


.d  the  rcfvtLtioD  of  ihftQ  npurirotn 


440 


HEAT   AS   A    MODE   OF   MOTION'. 


mirror  aUogether.  If,  ou  the  otlier  hand,  the  mirror  be 
too  deep,  spherical  aberration  comes  into  play;  and  though 
a  vast  quantity  of  rayy  may  lie  collected,  their  convergena- 
at  the  focus  is  imperfect.  To  determine  the  beat  furm  of 
mirror,  threeof  them  were  constructed  :  the  first  4-1  inches 
in  diameter,  and  of  l--t  inch  focal  length;  the  second  7-y 
inches  in  diameter,  and  of  3  inches  focal  length;  the  third 
9  inches  in  diameter,  with  a  focal  leu^rth  of  6  inches. 
Fractures  caused  by  imperfect  annealing  repeatedly  oc- 
curred ;  hut  at  length  I  was  so  fortunate  as  to  obtain  the 
three  mirrorsi,  each  without  a  flaw.  The  most  convenient 
distance  of  the  focus  from  the  source,  was  found  to  he 
about  5  inches;  and  the  position  of  the  mirror  ought  t-i 
be  arranged  accordingly.  This  distance  permits  of  the 
introduction  of  an  iodine-cell  of  sufficient  width,  while  the 
heat  at  the  focus  is  exceedingly  powerful. 

(614)  And  now  with  this  improved  apparatus  I  will  run 
through  the  principal  esperimenta  ou  invisible  heat-rays. 
These  dense  volumes  of  smoke  which  rise  from  a  blackene<l 
block  of  wood  when  it  is  placed  in  the  dark  fociia  are 
very  striking:  matches  are  at  once  ignited,  and  gun- 
powder instantly  exploded  at  the  focus.  This  dry  paper 
held  there  bursts  into  flame.  These  chips  of  wood  are 
also  inflamed :  the  dry  wood  of  a  hat-box  is  very  suitable 
for  this  experiment.  When  a  sheet  of  brown  paper  is 
placed  a  bttle  beyond  the  focus,  it  is  first  brought  to  vivid 
incandescence  over  a  large  space;  the  paper  then  yields, 
and  the  combustion  propagates  itself  as  a  burning  ring 
round  the  centre  of  ignitiou.  Charcoal  is  made  an  ember 
at  the  focus,  and  these  discs  of  charred  paper  glow 
with  extreme  vividness.  When  blackened  zinc-foil  is 
placed  at  the  focus  it  bursts  into  flame;  and  by  slowly 
moving  the  foil  about,  its  ignition  may  be  kept  up  till  the 
wJiole  of  it  is  consumed.  This  magnesium  wire,  flattened 
at  tlie  end  and  blackened,  alsu  bursts  into  vivid  coinbj 
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tioQ  wheu  held  at  tlie  t'ocua.  A  cigiir  of  cuiirae  is  in- 
stantly lighted  there.  Tbe  bodies  exporiniented  od  may  be 
enplosed  in  glnaa  receivers ;  the  concentrated  rays  will  still 
bum  them,  after  having  crouted  the  gla^.  This  giasn  jar, 
for  example,  contains  oxygen  ;  and  iu  the  oxygen  by  means 
of  »  suitAble  holder  is  plunged  a  bit  of  charcoal  bark. 
When  the  dark  rays  are  concentrated  upon  the  charcoal 
it  iustjintly  throws  out  showers  of  Gcintillations. 

(615)  Iu  all  these  cases  the  bodyexposed  to  the  action  of 
the  invisible  rays  was  more  or  less  combustible.  It  was  tirst 
heated  and  then  exposed  to  the  attack  of  oxygen.  Tbe 
vividness  observed  was  in  part  due  to  combustion,  and  does 
not  furnish  a  couclusiveproof  that  the  ref'rangibility  of  the 
incident  rays  was  elevated.  This,  however,  is  efifected  by 
exposing  Don-coDihustilile  bodies  at  tbe  focus,  or  by  en- 
closing combustible  ones  in  a  space  devoiS  of  oxygen.  Both 
in  air  and  9n  vticuo  platinized  platinum -foil  has  been 
repeatedly  rai^^ed  to  a  white  heat.  The  same  result  has 
been  obtained  with  a  sheet  of  charcoal  or  coke  suspended 
in  i-nctio.  Now  tbe  waves  from  which  this  light  was  ex- 
tracted had  neither  the  visible  nor  the  ultra-violet  rays 
conuningled  with  them;  they  were  exclusively  ultra-red. 
The  action,  therefore,  of  the  atoms  of  platinum,  copper. 
Hilver,  and  carbon  upon  these  rays  transmutes  them  from 
heat-rays  into  light-rays.  They  impinge  upon  these  atoms 
at  a  certain  rate ;  they  return  from  them  at  a  quicker  rate, 
the  invisible  -being  thus  rendered  visible. 

(fiI6)  On  looking  at  the  white-hot  jilatintim  through 
a  p>*wi7n  of  biaulphide  of  carbon,  a  rich  and  compUt^ 
spectrum  u-aa  obtained.  All  the  colours,  from  red  fai 
violH,  a/ione  vividly. 

(617)  To  expre.ts  this  transmutation  of  beat-rays  into 
others  of  higher  refrangibility,  I  propose  the  term  citlo- 
rescence.  It  harmonises  well  with  the  terra  '  fluorescence' 
introducett  by  Professor  Stokes,  and  is  also  suggestive  of  the 
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character  of  the  effects  to  which  it  is  applied.  The  phraise 
'  transmutation  of  rays,'  introduced  by  Professor  Chailis, 
covers  both  claases  of  effects.* 

(618J  I  have  sought  to/i(*«  platinum  with  the  invisible 
rays  of  the  electric  light,  but  hitherto  without  success.  In 
some  experiments  a  large  model  of  Foucault's  lamp  was 
employed,  with  a  battery  of  100  cells.  In  other  experi- 
ments two  batteries  were  employed,  one  of  100  cells  and 
one  of  70,  making  use  of  two  lampn,  two  mirrors,  and 
two  fillers,  and  converging  Ihe  heat  of  both  lampe  in 
opposite  directions  upon  the  eame  point.  When  a  leaf 
of  platinum  was  placed  at  the  common  focus,  the  con- 
verged beams  struck  it  at  opposite  sides,  and  raised  it 
to  dazzling  whiteness.  I  am  persuaded  that  the  metad 
could  be  fuiiied,  if  the  platinum -black  upon  its  surface 
could  be  retained.  But  this  was  immeiliatoly  dissipated 
by  the  intense  heat,  and,  the  refleetiog-power  of  the 
metal  coming  into  play,  the  absorption  was  so  mucU 
lowered  that  fusion  was  not  effected.  By  coating  the 
platinum  with  lampblack  it  has  been  brought  to  the  verge 
of  fusion,  the  incipient  yielding  of  the  mass  being  per- 
fectly apparent  after  it  had  cooled.  Here,  however,  as  in 
the  case  of  platinized  platinum,  the  al>sorbiug  eubstancc 
disappears  too  quickly.  Copper  and  aluminium,  however, 
when  thus  treated,  are  speedily  burnt  up. 

(t>19)  The  isolation  of  the  luminiferous  aether  from 
the  air  is  strikingly  illustrated  by  these,  experiments 
The  air  at  the  focua  may  be  of  a  freezing  temperature, 
while  the  aether  possesses  an  amount  of  heat  competent,  if 
absorbed,  to  impart  to  that  air  the  temperature  of  flame. 
An  air-thermometer  is  unaffected  where  platinum  is  rused 
to  a  white  heat. 

(620}  Arrangements  have  already  been  described  with 

a  view  of  avoiding  the  danger  incidental  to  the  use  ofeo 

•  I'liUoMipliicul  lluguiiiie.  I860.    Vol.  nil.  p.  330. 
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iuflainni&ble  a  substance  as  the  bisulphide  of  carbon.  I 
have  thought  of  accomplishing  ttiia  end  by  siinpler  means, 
iiufi  thus  fucilitHting  the  repetition  of  the  experiments. 
The  arrangement  now  before  voa,  fig.  103,  may  beadupteil 
with  safety. 

A  B  C  D  is  an  outline  of  the  camera. 

X  y  tbe  silvered  mirror  within  it, 

c  the  carbon-points  of  tlie  electric  light, 


0  p  the  aperture  in  front  of  tbe  camera,  through  which 
issues  tbe  beam  reflected  by  the  mirror  x  y. 

(621)  Let  the  distance  of  the  mirror  from  the  carlmii- 
piiiuts  W  such  as  to  render  the  reflected  beam  slightly  con- 
vergent. Fill  a  glaBS  flask  with  the  solution  of  iodine,  uid 
place  the  flask  in  the  path  of  the  reflected  beam  at  a  safe 
distance  from  the  lamp.  The  flask  acts  as  a  lens  and 
filter  at  the  same  time,  the  bright  rays  are  intercepte*!, 
and  tbe  dark  ones  are  powerfully  converged.  At  Y  such  a 
fluKk  is  represented ;  and  at  the  focus  formed  a  little  beyond 
it  condiustion  and  catorescence  may  be  produced.  Flasks 
wilb  diameters  from  IJ  to  3  inches  are  well  suited  for 
the  experiments. 

(622)  By   the   arrangement  here   described,  platinum 
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lias  been  raised  to  reilness  at  a  distance  of  22  feet  ft 
the  source  of  the  rays. 

(623)  The  beat  mirror,  however,  scatters  the  rays  mi 
or  less;  and  by  this  scattering,  the  benDi  at  a  great  distance 
from  the  lamp  becomes  much  enfeebled.  The  effect 
ifl  therefore  intensified  when  the  beam  is  caused  to  pass 
through  a  tube  polished  within,  whicb  prevents  the  lateral 
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waste  of  radiant  heat,  8iit:h  a  tube,  placed  in  front  of  the 
camera,  is  represented  a.t  A  B,  tig.  104.  The  flask  may  be 
held  against  its  end  by  the  hand,  or  it  may  be  perniaDently 
fixed  there.  With  a  battery  of  fifty  cells,  platiQum  may 
be  raised  to  a  white  heat  at  the  focus  of  the  flask. 

(624)  Again  let  a  lena  of  glass  or  rocksalt  (L,  fig.  105), 
2'5  inches  wide,  and  having  a  focal  length  of  3  incben,  be 
placed  in  the  path  of  the  reflected  beam.  The  rays  are 
converged;  and  at  their  point  of  convergence  all  the 
eff"ect8  of  caloreacence  and  combustion  may  be  obtained, 
the  luminous  rays  being  cutoff  by  a  cell  m  n,*  with  plate 
glass  sides  and  containing  the  opaque  solution. 

(625)  Finally,  the  arrangement  showo  in  fig.  106  may 
be  adopted.  The  beam  refiected  by  the  mirror  witliin  the 
camera  ia  received  and  converged  by  a  second  mirrorjir'j;'.  At 

"  The  cbU  m  k  maj  be  plareii  nt  n  diatance  from  tho  cacbun  j 
if  a  reflecting  tube  be  used  it  is  nil  the  more  rflectivi'. 
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the  ptiint  of  convergence,  which  may  be  seveml  feet  from  the 
camera,  all  the  effects  hitherto  deBcribed  may  be  obtained. 
The  light  uf  the  beam  may  be  cut  off  at  any  convenient 
puiiit  of  its  course;  but  in  ordinary  cases  the  experiment 
is  best  made  by  employing  the  bichloride  instead  of  the 
bitiiilpliide  of  carbon,  and  placing  the  cell  (»i  n)  contaio- 
inj;  the  op:iqiie  solution  clone  to  tiie  camerii,    The  moment 


the    cool-points   are   i8nite<i,   esplosion,  combustion,   or 
caloreeoeiice,  as  the  case  may  he,  occurH  at  the  focus. 


(626)  Thus  far  I  have  dealt  excliisivrly  with  the  invisible 
mdiatioQ  of  the  electric  light ;  but  all  Holid  bodies  raised 
to  incandescence  emit  these  invisible  ralorific  rays.  The 
denser  the  incandescent  body,  moreover,  the  raore  power- 
I'ul  is  its  obscure  radiation.  We  poNsesH  at  the  Royal 
In!;titutiun  very  dense  cylinders  of  lime  for  the  prpduction 
■  if  the  Drummond  light ;  and  when  a  copious  oxyhydrogen- 
tlamc  is  projected  against  one  of  them  it  shines  with  an 
intense  yellowish  light,  while  the  obscure  radiation  is 
exceedingly  powerful.  Filtering  the  lattttr  from  the  total 
Pinissiun  by  the  solution  of  iodine,  all  the  effects  of  com- 
bustion and  calorescence  which  have  Iwen  just  described 


I 


4W  HEAT   AS   A    JilODE   OF   MOTIO.V.        CHJkp.  ^^H 

may  lie  obtained  at  the  fociis  of  the  invisible  rays.  The 
light  obtained  by  projectiug  the  osy  hydrogen -flame  upon 
coinpreesed  magnehia,  after  the  manner  of  Signor  Carle- 
variB,  i."  whiter  than  that  emitted  by  our  lime ;  but  the 
rtubstance  being  light  and  spongy,  its  obscure  radiation  is 
surpassed  by  that  of  our  more  solid  cylinders. 

( 627 )  The  invisible  rays  of  the  sun  have  also  been  trane- 
muted.    A  concave  mirror,  3  feet  in  diameter,  was  tnounled 
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on  the  roof  of  the  Royal  School  of  Mines  in  Jeriuyn  Street. 
The  focus  was  formed  in  a  darkened  chamber,  in  which 
the  platinized  platinum-foil  was  exposed.  Cutting  off  the 
visible  rays  by  the  solution  of  iodine,  feeble  but  dintinct 
incandescence  was  there  produced  by  the  invisible  rays. 

(628)  To  obtain  a  clearer  sky,  this  mirror  was  trans- 
ferred to  the  garden  of  my  friend  Mr.  Lubbock  (now  Sir 
John  Lubbock,  Bart.),  near  Cbislehurst,  A  blackened  tin 
tube  (A  B,  fig.  107)  with  square  cross  section  and  open  at 
one  end,  was  furnished  at  the  other  with  a  plane  mirror 
(a:  y),  forming  an  angle  of  45'  with  the  axis  of  the  tube. 
A  lateral  aperture  {x  o),  about  2  inches  square,  was  ciit 
out  in  front  of  the  mirror.  Over  this  aperture  was  placed 
a  leaf  of  platinized  pliitinum.  Turning  the  leaf  towards 
concave    mirror,   the    concentrated   sunbeams 
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permitted  to  fall  upon  it.  Id  the  full  glare  of  daylight  it 
is  quite  impossible  to  see  whether  the  phitiinim  was 
incandeaceDt  or  not ;  but  plating  the  eye  at  B,  the  glow 
of  the  platinum  could  be  seen  by  reflecrtion  from  the 
plane  mirror.  Incandescence  was  thus  obtained  at  the 
focus  of  the  large  mirror,  X,  Y,  after  the  removal  of  the 
viBiblerays  by  the  iodine  solution,  in  n* 
Fio.  luT. 


(629)  The  effects  obtained  with  the  total  solar  radiation 
were  extraordiiittry.  Large  spaces  of  the  platinum-leaf, 
and  even  thifk  foil,  when  exposed  at  the  focus,  disappeared 
as  if  vaporized.  The  handle  of  a  pitchfork,  similarly 
exposed,  was  soon  burnt  quite  across.  Paper  placed  at 
the  focus  burst  into  flame  with  almost  explosive  suddenness. 
The  high  ratio  which  tlie  visible  radiation  of  tlie  sun  bears 
to  the  invisible  was  strikingly  manifested  in  these  experi- 
ments. With  a  (ofcti  radiation  vastly  inferior,  the  invisible 
rays  of  the  electric  light,  or  of  the  lime-light,  raise  plati- 
num to  whiteness,  while,  when  the  visible  constituents  of 
the  concentrated  sunbeam  were  intercepted, the  most  that 

■  Eiprrimrat*  aa  thai  aun  lind  beta  praTioiuly.  but  unaaKMrfally.  iii> 
tunjited  by  oll«r». 
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could  be  obtained  from  the  dark  rayg  was  a  bright  red- 
heat.  The  heat  of  the  luiiiinous  raj'S,  moreover,  in  so 
■{reat  as  to  vender  it  exceedingly  difficult  to  experiment 
with  the  solution  of  iodine.  It  boiled  iip  inceasantlj, 
exposure  for  two  or  three  seconds  being  siiflicieiit  to  raiw 
it  to  ebullition.  This  high  ratio  of  the  luminous  to  the 
non-IuminoiiB  radiation,  ia  lioubtless  to  be  ascribed  is 
part  to  the  absorption  of  a,  large  portion  of  the  latter  by 
the  aqueous  vapour  of  the  air.  From  it,  however,  may 
also  be  inferred  tlie  enormous  temperature  of  the  siin. 

f  6.30)  Converging  the  sun's  rays  with  a  hollow  lens  filled 
with  the  solution  of  iodine,  incandescence  was  obtained  at 
the  invisible  focus  of  the  lens  on  the  roof  of  the  Royal 
Institution. 

(G31j  Knowing  the  permeability  of  good  glass  to  the 
solar  rays,  I  retjuested  Mr.  Mayall  to  permit  me  to  make 
;i  few  espei-iments  with  his  fine  photographic  lens  at 
Brighton.  Though  eseeedingjy  busy  at  the  time,  be  in 
the  kindest  manner  abandoned  to  my  late  nssistaoi, 
>Ir.  Barrett,  the  use  of  his  apparatus  for  the  three  befit 
hours  of  a  bright  summer's  day.  A  red  heat  was  obtained 
at  the  focus  of  the  lens  aft«r  the  complete  witbdrawfd  of 
the  luminous  portion  of  the  radiation. 
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(632)  Black  paper  has  been  very  frequently  empli 
in  the  foregoing  experiments,  the  action  of  the 
rays  upon  it  being  most  energetic.  This  suggests  that  the 
iibsorption  of  the  dark  rays  is  not  independent  of  colour. 
A  red  powder  is  red  because  of  the  entrance  and  absorption 
■  if  the  luminous  rays  of  higher  refrangihility  than  the  red, 
and  the  ejection  of  the  uuahsorhed  red  light  by  reflection 
at  the  limiting  surfaces  of  the  part.icles  of  the  red  body. 
This  feebleness  of  absorption  of  the  red  rays  extends  in 
many  cases  to  the  obscure  r.iys  beyond  the  red ;  and  the 
consequence  is  that  red  paper  when  exposed  at  tJie  fo 
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of  iuvifiible  rays  is  oihia  scarcely  charred,  wliUe  black 
paper  bursts  iu  a  nioinent  into  flame.  The  following 
table  exhibits  the  couditiuu  of  paper  of  various  kiuda 
when  ex|)OHed  at  the  dark  focus  of  au  electric  light  of 
moderate  intenBity : — 

Ptpa.  Ounaitlisii. 

Gliued  oriDgu-fuliiuniJ  paper  .     Ukntly  vh&rrrd. 

„      rod-  ,.  .    Srarsely  tinged ;  !i-aji  ihon  ihe  orange. 

„      tn^?n-  ,.  .     Pierced  «i<h  a  mnall  burning  ling. 

,.      IjIuc-  ..  Thr  iBine  u  the  l&it. 

„      bliuk-  „  Pierced ;  and  immediiitelj  aet  ablaie. 

wliile-  „  Choired ;  not  piereal. 

Thiti  fiimigii-potit.      .     .     ,     .    Barely  charred ;  lena  than  tlie  white. 

FDol*cap Still  leas  chanwl ;  altant  tbe  mat  u  the 

uiMge. 
Thin  whilo  blotting  paprr  .     .    Si.'arcvl;r  tinf;ed. 
,.     whitey-broirn        „       .     .     The  gnnip ;  a  good  di'nl  of  heat  eeemi  to 
get  thcDDgh  theio  tvn  laat  papers. 
Ordimirj  brown  „      .    .    Piorced  ituDiadiately,  n  bmutifol  bumiDg 

ring  eapaoding  oa  all  aiJea. 

Tliick  brown Pierced,  wrt  eo  good  its  llio  laJt. 

Thick  white  aond-pa^r .     .    .     Pierced  witii  •  baming  ring. 

Btown  amory  „      .    .    .     The  huii*  b*  tbe  luU 

Dead-block  Pierced,  and  inunediately  aet  abloiv. 

(633)  We  have  here  an  almost  tutal  absence  of  absorp- 
tion on  the  part  of  the  red  paper.  Even  white  nbsorhtf 
more,  and  is  cuDsequentiy  more  easily  charred.  Rubbing 
tbe  red  iodide  of  mercury  over  paper,  and  exposing  the 
reddened  surface  at  the  focus,  a  thermograph  of  the  coal- 
points  is  obtained,  which  shows  itself  by  the  discharge  of 
the  colour  at  the  place  on  which  the  invisible  image  falls. 
Expecting  that  this  change  of  colour  would  be  immediate, 
I  was  at  tirst  surprised  at  tbe  tinte  necessary  to  produce  it. 


(634)  And  here  we  Had  ourselves  ia  a  position  t4>  pro- 
perly qualify  and  ejcplain  a  popular  experiment  which  has 
been  fruitful  in  erroneous  inferences.  The  celebrated 
Dr.  Frankliu  placed  cloths  of  various  colours  upon  snow 
and  allowed  the  sun  to  shine  upon  them.     They  abeorlted 
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the  solar  rays  in  different  degrees,  became  differently 
heated,  and  sank  therefore  to  different  deptlis  in  the  sdow 
beneath  them.  Hia  coiiclmion  waa  that  dark  colours  were 
the  best  absorbers,  and  light  colours  the  worst ;  and 
to  this  hour  we  appear  to  have  been  content  to  accept 
Franklin's  generalization  without  qualification.  Did  Out 
emission  from  luminous  sources  consist  exclusively  rf 
visible  rays,  we  might  fairly  infer  from  the  colour  of  & 
substance  its  capacity  to  absorb  the  heat  of  such  souroes. 
But  we  now  know  that  the  emission  from  luminous  sources 
is  by  no  means  all  visible.  In  terrestrial  sources  by  far 
the  greater  part,  and  in  the  case  even  of  the  sun  a  reiy 
great  part,  of  the  emission  consists  of  invisible  nyt, 
regarding  which  colour  teaches  iis  nothing. 

(635)  It  remained  therefore  to  examine  whether  the 
results  of  Franklin  were  the  expression  of  a  law  of  nature 
Two  cards  were  taken  of  the  same  size  and  texture  ;  OTer 
one  of  them  was  shaken  the  white  powder  of  atura,  and 
over  the  other  the  dark  powder  of  iodine.  Placed  before 
a  glowing  fire  and  permitted  to  assume  the  maximum 
temperature  due  to  their  position,  it  was  found  that  the 
card  bearing  the  alum  became  extremely  hot,  while  that 
bearing  the  iodine  remained  cool.  No  thermometer  was 
necessary  to  demonstrate  this  difference.  Placing  the 
back  of  the  iodine  card  against  the  forehead  or  cheek,  no 
inconvenience  was  experienced ;  while  the  back  of  the 
alum  card  similarly  placed  proved  intolerably  hoL 

(638)  This  result  was  corroborated  by  the  following 
experiments : — One  bulb  of  a  differential  thermometer  was 
covered  with  iodine,  and  the  other  with  alum  powder.  A 
red-hot  spatula  being  placed  midway  between  both,  the 
liquid  .column  associated  with  the  alum-covered  bulb  waa 
immediately  forced  down,  and  maintained  in  an  inferior 
position.  Two  delicate  mercurial  thermometers  had  their 
bulbs  coated,  the  one  with  iodine,  the  other  with  alum. 
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On  exposing  tbem  at  the  same  distance  to  the  radiation 
from  a  gas-flame,  the  mercury  of  the  aliim-covered  ther- 
mometer rose  nearly  twice  as  high  aa  that  of  its  neigh- 
bour. Two  sheets  of  tin  were  coated,  the  one  with 
alum,  and  the  other  with  iodine  powder.  The  eheeta 
were  placed  parallel  to  each  other,  and  about  10  inches 
asunder ;  at  the  back  of  each  was  soldered  a  little  bar  of 
bismuth,  which  with  the  tin  plate  to  which  it  was  attached 
constituted  a  thermo-electric  couple.  The  two  plates 
were  connected  together  by  a  wire,  and  the  free  ends  of 
the  bismuth  bars  were  connected  with  a  galvanometer. 
Placing  a  red-hot  ball  midway  between  both,  the  calorific 
rays  fell  with  the  same  intensity  on  tlie  two  sheets  of  tin, 
but  the  galvanometer  immediately  declared  that  the  sheet 
which  bore  the  alum  was  the  moat  highly  heate<i. 

(637)  In  some  of  the  foregoing  cases  the  iodine  was 
simply  shaken  through  a  muslin  sieve ;  in  otLer  cases  it 
was  mixed  with  bisulphide  of  carbon  and  applied  with  a 
cainors-bair  brush.  When  dried  afterwards  it  whs  almost 
as  black  as  soot ;  but  as  an  absorber  of  radiant  heat  it  was 
no  inattfh  for  the  perfectly  white  powder  of  alum. 

(638)  This  difficulty  of  warming  iodine  by  radiant  heat 
is  evidently  due  to  the  diathermic  property  which  it  mani- 
festo so  strikingly  when  dissolved  in  bisulphide  of  carbon. 
The  heat  enters  the  powder,  ia  reflected  at  the  limiting 
surfaces  of  the  particles,  but  it  does  not  lodge  itself  among 
the  atoms  of  the  iodine.  When  shaken  in  sufficient 
quantity  on  a  plate  of  rock-salt  and  placed  in  the  path  of 
a  calorific  beam,  iodine  intercepts  the  heat.  But  its  action 
is  mainly  that  of  a  white  powder  to  light ;  it  is  impervious, 
not  through  absorption,  but  through  repeated  internal 
reflection.  Ordinary  roll  sulphur,  even  in  thin  cakes, 
allows  no  radiant  heat  to  pass  through  it ;  but  its  opacity 
is  also  due  tn  internal  reflection.  The  temperature  of  igni- 
tion of  sulphur  is  about  244"  C. ;  but  on  placing  a  small 
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piece  of  the  subBtance  at  the  obscure  focus  of  the  electric 
lamp,  where  the  heat  was  sufficient  to  raise  platioum-foil 
iu  a  moment  to  wbiteuess,  it  required  exposure  for  a 
considerable  time  to  fuse  aod  ignite  the  sulphur.  Thougli 
impervious  to  the  heat,  it  was  not  through  absorptiou. 
Sugar  is  a  much  less  iuflammable  substance  than  sulphur, 
but  it  is  &  far  better  absorber ;  exposed  at  the  focus,  it  it 
speedily  fused  and  burnt  up.  The  beat  moreover  which 
is  competent  to  iuflame  powdered  sugar  is  scarcely  com- 
petent  to  warm  table-salt  of  tlie  Game  white  appearance. 

(639)  A  fragment  of  almost  black  amorphous  phospho- 
ixposed  at  the  dark  focus  of  the  electric  lamp,  but 
ed  to  be  ignited.  A  still  more  remarkable  result  wu 
obtained  with  ordinary  phoBphonis.  A  small  fragment  of 
this  exceedingly  inflammable  substance  could  be  exposed 
for  twenty  seconds  without  ignition  at  a  focus  where 
platinum  was  almost  instantaneously  raised  to  a  white 
hfcJit.  The  fusing-point  of  phosphorus  is  about  44°  C, 
tliat  of  sugar  is  160°;  still  at  the  focus  of  the  electric 
lamp  the  sugar  fuses  before  the  phosphorus.  All  this  is 
due  to  the  diathermancy  of  the  phosphorus :  a  tbiu  disc  oi 
the  substauce  placed  between  two  plates  of  rock-8«It 
permits  of  a  copious  transmission.  Tbis  substauce  there- 
fore takes  its  place  with  other  elementary  bodies  as  regard* 
deportment  towards  radiant  beat. 

(6in)  The  more  diathermic  a  body  is,  the  less  it  is 
warmed  by  radiant  heat.  No  perfectly  transparent  body 
could  be  warmed  by  purely  luminous  heat.  The  surface  of 
a  vessel  covered  with  a  thick  fur  of  hoar  frost  was  exposed 
to  the  beam  of  the  electric  lamp  condensed  by  a  powerfid 
mirror,  the  beam  having  been  previously  sent  through  ft 
cell  Containing  water.  TLe  sifted  beam  was  powerless  ts 
remove  the  frost,  though  it  was  competent  to  set  wood  oa 
fire.  We  may  largely  apply  this  result.  It  is  not,  for 
example,  the  luminous  rays,  but  the  dark  rays  of  the  BUn 
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which  sweep  the  snows  of  winter  from  the  slopes  of  the 
Alps.  Every  glacier -stream  that  rushes  through  the 
Alpine  valleys  is  almost  wholly  the  product  of  invisible 
radiation.  It  is  also  the  iuviaible  Eolar  rayti  which  lift 
the  glaciers  from  the  sea-level  to  the  summits  of  the 
mountains;  for  the  luminoua  rays  penetrate  the  tropical 
ocean  to  great  depths,  while  the  non-hiDunous  ones  are 
absorbed  close  to  the  surface,  and  become  the  main  agents 
in  evapor:ition. 

(641)  We  will  end  this  subject  by  fuIHliing  a  promise 
formerly  made  {§  612a).  The  method  by  which  Melloni 
determined  the  ratio  of  the  visible  to  tlie  invisible  rays 
emitted  by  any  luminous  source  has  been  described  to 
you  (j  37o).  It  was  explained  to  you,  that  assuming  a 
solution  of  alum  to  transmit  all  the  visible  rays,  which  is 
sensibly  the  case,  and  to  absorb  all  the  invisible  rays,  the 
difference  between  the  transmission  through  alum  and 
roclcsalt  gives  the  action  of  the  obscure  rays.  But  is  this 
(issumption  regarding  the  absorptive  power  of  alum  cor- 
rect ?  Is  a  solution  of  this  substance-,  of  the  tbickuoss  at 
which  it  has  hitherto  been  examined,  really  competent  to 
absorb  all  heat-rays  of  a  lower  refrangibility  than  thoee 
which  produce  light  ? 

(642)  ITiesolution  of  iodine,  with  which  you  are  now  so 
intimately  acquainted,  was  placed  in  front  of  an  olectric 
lamp,  the  luminous  rays  being  thereby  intercepted. 
Behind  the  rocksalt  cell  containing  the  opaque  solution 
was  placed  a  glass  cell,  empty  in  the  first  instance.  The 
deflect'on  produced  by  the  obscure  rays  which  passed 
through  both  produced  a  deflection  of 

80°. 
The  glass  cell  was  now  filled  with  a  concentrated  solution  of 
alum  ;  thi'  deflection  produced  by  the  obscure  rays  pasfling 
through  both  solutions  was 

5or. 
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Calculating  from  the  values  of  these  deflections,  it  is  found 
that  of  the  obscure  heat  emergent  from  the  Bolviion  of 
iodine  20  per  cent,  was  transmitted  by  the  alum* 

(643)  The  question,  whether  the  invisible  rays  emitted 
by  luminous  sources  reach  the  retina  of  the  eye,  we  have 
hitherto  left  in  abeyance.  But  there  cannot  be  a  doubt 
that  the  invisible  rays  which  have  shown  themselves 
competent  to  traverse  such  a  thickness  of  the  most  power- 
ful diathermic  liquid  yet  discovered  are  also  able  to  pass 
through  the  humours  of  the  eye.  Dr.  Franz  has  indeed 
proved  this  to  be  the  case  for  the  dark  solar  rays.  The 
very  careful  and  interesting  experiments  of  M.  Janssen,t 
prove  moreover  that  the  humours  of  the  eye  absorb  an 
amount  of  radiant  heat  exactly  equal  to  that  absorbed  by 
a  layer  of  water  of  the  same  thickness  as  the  humours; 
and  in  our  solution  the  power  of  alum  is  added  to  that  of 
water.  Direct  experiments  on  the  vitreous  humour  of  an 
ox  lead  me  to  conclude  that  one  fifth  of  the  obscure  rays 
emitted  by  an  intense  electric  light  reaches  the  retina;  and 
inasmuch  aa  in  every  ten  parts  of  that  radiation  nine  are 
obscure,  it  follows  that  nearly  two-thirds  of  the  whole 
radiant  energy,  visible  and  invisible,  which  the  electric 
light  sends  to  the  retina  is  incompetent  to  excite  vision. 

(644)  On  a  tolerably  clear  night  a.  candle-flame  can  be 
readily  seen  at  the  distance  of  a  mile.  Measured  by  a 
photometer  the  intensity  of  the  electric  light  used  by  me 
was,  in  some  cases,  1000  times  that  of  the  liffht  of  a  good 
composite  candle,  and  as  the  non-luminous  heat-rayB  from 
the  coal-pointa   which   reach   the   retina  have,  in  round 

*  Id  paiJMng  from  one  medium  to  aaothet,  light  is  olwajB  reflected;  tbe 
Eune  i»  [rue  of  radiant  heut,  Aud  in  tlip  case  of  our  empty  glass  cell. 
radinnt  heat  itas  reflected  from  its  two  interior  suifncea  whan  it  was  empQ, 
Tlie  introduction  of  tlio  alum  solution,  no  douli)  oltecnl  the  quantilj  of  hiat 
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numbers,  twice  the  energy  of  the  luminous,  it  foUgwB 
that  at  a  common  distance,  say  of  a  foot,  the  energy  of 
the  radiant  heat  which  reaches  the  optic  nerve,  but  is 
incompetent  to  provoke  vision,  is  '2000  times  that  of  the 
light  of  a  candle.  On  a  tolerably  clear  night  a  candle- 
flame  can  be  readily  seen  at  the  distance  of  a  mile.  But 
the  intensity  of  the  caudle's  light  at  the  distance  of  a 
mile  is  less  than  one  twenty-millionth  of  ita  intensity 
at  the  distance  of  a  foot,  hence  the  energy  which  renders 
the  candle  perfectly  visible  a  mile  off  would  have  to 
be  multiplied  by  2000x20,000,000,  or  by  forty  thou- 
sand millions,  to  bring  it  up  to  the  intensity  of  the  radia- 
tion which  the  retina  actually  receives  from  the  carbon 
points  at  a  foot  distance,  without  vision.  Nothing,  I 
think,  coidd  more  forcibly  illustrate  the  special  relatioit- 
ship  which  Bubsista  between  the  optic  nerve  and  the  oscil- 
lating periods  of  the  molecules  of  luminous  bodies.  That 
nerve,  lihe  a  musical  string,  responds  to  the  periods  with 
which  it  is  in  accordance,  while  it  refuses  to  hp  excited 
by  others  of  almost  infinitely  greater  energy  which  are  not 
in  unison  with  its  own. 

(645)  When  we  see  a  vivid  light  incompetent  to 
affect  our  most  delicate  thermoscopic  apparatus,  the  idea 
naturally  presents  itself  that  light  and  beat  must  be  totally 
different  things.  The  pure  light  emerging  from  a  com- 
bination of  water  and  green  glass,  even  when  rendered 
intense  by  concentration,  has,  according  to  Melloni,  no 
sensible  beating  power.  The  light  of  the  moon  is  also  a 
case  in  point.  Concentrated  by  a  polyzonal  lens  more 
than  a  yard  in  diamet«r  upon  the  face  of  his  pile,  it 
required  all  Melloni's  acutene«s  to  nuree  the  calorifio 
action  up  to  a  measurable  quantity.  Such  experimenta, 
however,  demonstrate,  not  that  the  two  agents  are  dis- 
similar, but  thnt  the  sense  of  vision  can  be  excited  by  an 
amount  of  energy-  almost  infinitely  smalL 
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(646)  Here  also  we  are  able  to  oiFer  a  remark  as  to  the 
applicability  of  radiant  heat  to  fog-signalling.  The 
proposition,  in  the  abstract,  is  a  philosophical  one;  for 
were  our  fogs  of  a  physical  character  similar  to  that  of  the 
iodine  held  in  solution  by  the  bisulphide  of  carbon,  or  to 
that  of  iodine  or  bromine  vapours,  it  would  be  possible  to 
transmit  through  them,  irom  our  signal  lamps,  powerful 
fluxes  of  radiant  heat,  even  after  the  entire  stoppage 
of  the  light.  But  our  fogs  are  not  of  this  character. 
They  are  unfortunately  so  constituted  as  to  act  very 
destructively  upon  the  purely  calorific  rays ;  and  this  feet, 
taken  in  conjunction  with  the  marvellous  sensitiveness  of 
the  eye,  leads  to  the  conclusion  that  long  before  the  ligkt 
of  our  signals  ceases  to  be  visible,  their  radiant  heat  has 
lost  the  power  of  affecting,  in  any  sensible  degree,  the 
most  delicate  thermoscopic  apparatus  that  we  could  apply 
to  their  detection. 
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(647)  TITE  have  learned  that  our  atmosphere  is  alwaya 
'  T  more  or  less  charged  with  aqueous  vapour,  thfi 
condensation  of  which  forms  our  cloudu,  fogs,  hail,  rain, 
and  snow.  We  have  now  to  direct  our  attention  to  one 
particular  caae  of  condensation,  of  great  interest  and  beauty 
— one,  moreover,  regarding  which  errooeoua  notions  wero 
for  a  long  time  entertained — the  phenomenon  of  Dew. 
The  aqueous  vapour  of  our  atmosplierc  is  a  powerful 
radiant,  but  it  is  diETused  through  air  which  usually 
exceeds  its  own  mass  more  than  one  Ijundreil  times.  Not 
only,  then,  its  own  heat,  but  tlie  heat  of  the  large  quantity 
of  air  which  surrounds  it,  mnst  be  discharged  by  the  va- 
pour,  before  it  can  sink  to  its  point  of  condensation.  The 
retardation  of  chilling  due  to  this  CHUue  enables  good  solid 
radiators,  at  the  earth's  surface,  to  outstrip  the  vapour  in 
their  speed  of  refrigeration;  and  hence  upon  these  bodiea 
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aqueous  vapour  may  be  coDdensed  to  liquid,  or  even  con- 
gealed to  hoar-frost,  while  at  a  few  feet  above  the  surface 
it  maiutains  its  gaseous  state.  This  ia  actually  the  case 
in  the  beautiful  phenomenon  which  we  have  now  to 
examine. 

(648)  We  are  indebted  to  a  London  physician  for  a  true 
theory  of  dew.  In  1818  Dr.  Wells  published  his  admirable 
essay  on  this  subject.  He  made  his  experiraents  in  a 
garden  in  Surrey,  at  a  distance  of  three  miles  from  Black- 
friars  Bridge.  To  collect  the  dew,  he  used  little  bundles 
of  wool,  which,  when  dry,  weighed  10  grains  each ;  and 
having  exposed  them  during  a  clear  night,  the  amount  of 
dew  deposited  on  them  was  determined  by  the  augmenta- 
tion of  their  weight.  He  soon  found  that  whatever  inter- 
fered with  the  view  of  the  sky  from  his  piece  of  wool. 
interfered  also  with  the  deposition  of  dew.  He  supported 
a  board  on  four  props ;  on  the  board  he  laid  one  of  his  wool 
parcels,  and  under  it  a  second  similar  one ;  during  a  clear 
calm  night,  the  former  gained  14  grains  in  weight,  while 
the  latter  gained  only  4.  He  bent  a  sheet  of  pasteboard 
like  the  roof  of  a  house,  and  placed  underneath  it  a  bundle 
of  wool  on  the  grass :  hy  a  single  night's  exposure  the  wool 
gained  2  grains  in  weight,  while  a  similar  piece  of  wool 
exposed  on  the  grass,  but  quite  unshaded  by  the  roof,  col- 
lected 16  grains  of  moisture. 

(G49)  Is  it  steam  from  the  earth,  or  is  it  fine  rain  frvra 
the  heavens,  that  produces  this  deposition  of  dew  ?  Bolb 
of  these  notions  have  been  advocated.  That  it  does  not 
arise  from  the  earth  is,  however,  proved  by  the  fact,  thai 
more  moisture  was  collected  on  the  propped  board  thxa 
under  it  That  it  is  not  a  fine  rain  is  proved  by  the  &ct, 
that  the  most  copious  deposition  occurs  on  the  clearert 
nights. 

(650)  Dr.  Wells  next  exposed  thermometers,  as  he  b»d 
done  bis  wool-bundles,  and  found  that   at   those  ^oiem 
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where  the  dew  fell  most  copiouely,  the  temperature  sank 
Imueat.  On  the  propped  board  already  referred  to,  he  found 
the  temperature  9°  Fahr,  lower  than  under  it;  beneath 
the  paat«board  roof  the  thermometer  was  10°  warmer  than 
on  the  open  grass.  He  also  found,  that  when  he  laid  his 
thermometer  npon  a  grass  plot,  on  a  clear  night,  it  sank 
sometimeB  14°  lower  than  a  similar  thermometer  suspended 
in  free  air,  at  a  height  of  4  feet  above  the  grass.  A  bit  of 
cotton,  placed  beside  the  former,  gained  20  grains ;  a 
aimilar  bit,  beside  the  latter,  only  11  grains  in  weight. 
The  lowering  of  the  temperature  and  the  deposition  of  the 
dew  icent  hand  in  hand.  Not  only  did  artitidal  screens 
interfere  with  the  lowering  of  the  temperature  and  the 
formation  of  the  dew,  but  a  cloud-screen  acted  in  the 
same  mnnoer.  He  once  observed  hie  thermometer,  which, 
as  it  lay  upon  the  grass,  showed  a  temperature  12°  Fahr. 
lower  than  the  air  a  few  feet  above  the  grass,  rise,  on  the 
passage  of  some  clouds,  until  it  was  only  2°  colder  than 
the  air.  In  fact,  as  the  clouds  crossed  bis  zenith,  or 
disappeared  from  it,  the  temperature  of  his  thermometer 
rose  and  fell. 

(651)  A  series  of  such  experiments,  conceived  and 
executed  with  admirable  clearness  and  skill,  enabled  Dr. 
Wells  to  propound  a  Theory  of  Dew,  which  lias  stood  the 
test  of  all  subsequent  criticism,  and  is  now  universally 
accepted. 

((io2}  It  is  an  effect  of  chilling  by  radiation.  'The 
upper  partA  of  the  grass  radiate  their  heat  into  regions  of 
empty  space,  which,  consequently,  send  no  heat  back  iu 
return ;  its  lower  parts,  from  the  smalluesa  of  their  con- 
ducting power,  transmit  little  of  the  earth's  heat  to  the 
upper  parts,  which,  at  the  same  time,  receiving  only  a 
STiiall  quantity  from  the  atmosphere,  and  none  from  any 
other  lateral  body,  must  remain  colder  than  the  air,  and 
condense  into  dew  its  watery  vapour,  if  this  be  sufficiently 
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abundant  in  respect  to  the  decreased  temperature  of  the 
grass.'  Why  the  vapour  itself,  being  a  powerful  radiant,  ia 
not  so  quickly  chilled  as  the  prass,  has  been  already  ex- 
plained, on  the  ground  that  the  vapour  has  not  only  its 
ovpn  heat  to  discharge,  but  also  that  of  the  large  mass  of 
air  by  which  it  is  surroiiaded, 

(653)  Dew,  then,  ia  the  result  of  the  condensation  of 
atmospheric  vapour,  on  substances  which  have  been  suffi- 
ciently cooled  by  radiation  ;  and  as  bodies  differ  widely  in 
their  radiative  powers,  we  may  expect  corresponding  dif- 
ferences in  the  deposition  of  dew.  This  Weils  proved  to  be 
the  case.  He  often  saw  dew  copiously  deposited  on  grass  and 
painted  wood,  when  none  could  be  observed  on  gravel  walks 
adjacent.  He  found  plates  of  metal,  which  he  had  exposed, 
quite  dry,  while  adjacent  bodies  were  covered  with  dew: 
in  oil  such  cases  ike  temperature  of  the  metal  tvaa  fovnd 
to  be  hiyker  than  that  of  the  deioed  substances.  This  i( 
quite  in  accordance  with  our  knowledge  that  metals  are 
the  worst  radiators.  On  one  occasion  he  placed  a  plate 
of  metal  upon  gras?,  and  upon  the  plate  he  laid  a  glas 
thermometer ;  the  thermometer,  after  some  time,  exhibited 
dew,  while  the  plate  remained  dry.  This  led  him  to  sup- 
pose that  the  instrument,  though  lying  on  the  plate,  did 
not  share  its  temperature.  He  placed  a  second  thenno* 
meter,  with  a  gilt  bulb,  beside  tiie  first ;  the  naked  glMi 
thermometer — a  good  radiator — remained  9°  Fahr.  coldar 
than  its  companion.  To  determine  the  true  temperature  of 
a  body  is  a  task  of  some  difficulty ;  a  glass  thermomoteri 
suspended  in  the  air,  will  not  give  the  temperature  of  dw 
air ;  its  own  power  as  a  radiant  or  an  absorbent  oonm 
into  play.  On  a  clear  day,  when  the  sun  shines,  the 
thermometer  will  be  warmer  than  the  air;  on  a  <^4tf 
niffht,  on  the  contrary,  the  thermometer  wIU  be  c(ddet 
than  tho  air.  We  have  seen  that  the  passage  of  a  clottd 
can  raise  the  temperature  of  a   tbermomoter    10"  in  a 
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few  minutes.  This  augmentation,  it  is  maoifest,  does  not 
iudicate  a  corresponding  augineutation  of  the  tempera- 
ture of  llie  air,  but  merely  the  interception  and  reflection, 
liy  the  cloud,  of  the  rays  of  heat  emitted  by  tlie  thermo- 

(654)  Dr.  Wells  applied  his  principles  to  the  explanation 
of  many  curious  effects,  and  to  the  correction  of  many 
popular  errors.  Moon  blindness  he  refers  to  the  chill 
produced  by  radiation  from  the  eyes,  the  shining  of  tie 
moon  being  merely  an  accompaniment  to  the  clearness  of 
the  atmosphere.  The  putrefying  influence  ascribed  to  the 
moonbeams  is  really  due  to  the  deposition  of  moisture,  as 
a.  kind  of  dew,  ou  the  exposed  animal  substances.  The 
nipping  of  tender  plants  by  frost,  when  the  air  of  the 
garden  is  some  degrees  above  the  freezing  temperature,  is 
alao  to  be  referred  to  chilling  by  riuliation.  A  cobweb 
screen  would  be  sufficient  to  preserve  them  from  injury.* 

(655)  Wells  was  the  first  to  explaiu  the  formation, 
artificially,  of  ice  in  Bengal,  where  the  substance  is 
never  formed  naturally.  Shallow  pita  are  dug,  which  are 
partially  filled  with  straw,  aud  on  the  straw  fiat  pans 
containing  water  are  exposed  to  the  clear  firmament. 
The  water  is  a  powerful  radiant,  aud  sends  off  ita  heat 
copiously  into  space.  The  heat  thus  lost  cannot  be  sup- 
plied from  the  earth — this  source  being  cut  off  by  the 
non-conducting   straw.     Before  sunrise  a  cake  of  ice   is 

■  Witt)  rafPTence  to  thi*  point  we  bsic  the  following  bcaaliful  [lanngc 
ID  the  Eufty  of  Weill : — '  I  had  often,  in  the  pride  of  lialf-kau'*  Inl^,  uniled 
B.I  the  mean*  ftequrntly  employrd  hj  giirdcDws  ro  protect  teodor  plenta 
rnim  cold,  u  it  Dppural  to  me  impoaibU  thtX  a  Ihia  nut,  ur  may  mtek 
tlimey  (ulKtntice,  could  preTcnt  thorn  ftom  etlaininf;  tbo  lemperatuni  of  (lie 
■tmoKphere,  hy  which  aluoe  1  thought  themliabte  lo  be  injured.  Hut  when 
I  had  lesrueil  that  bo<lies  □□  Ihe  gurToee  of  the  earth  brrome.  during  B  allli 
and  strenr  night,  eolder  ihan  llie  aliiiniphure,  I)}!  nidiatiag  their  beattotfas 
heaveDB.  I  |a'n>uived  immedialrlj  a  juat  na«ua  for  the  practice  whirh  1  had 
before  deemed  uideu.' 
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H  formed  in  each  vessel.     This  is  the  explaDation  of  Wells, 

H  and  it  is,  do  doubt,  the  true  one.     ]  think,  however,  it 

H  needs  supplementing.     It  appears,  from  the  descriptioi), 

H  that   the   condition   most   suitable  for  the  formatios  of 

H  ice,  is  not  only  a  clear  air,  but  a  drij  air.     The  nighty 

^  Bays  Sir  Robert  Barker,  most  favourable  for  the  productiofi 

of  ice,  are  those  which  are  clearest  and  most  serece,  sod 

in  which  very  little  dew  appears  after  midnighi.     The 

italicised  phrase  is  very  significant.     To  produce  the  ice  in 

abundance,  the  atmosphere  must  not  only  be  clear,  but  it 

must  be  comparatively  free  from  aqueous  vapour.     ttTicn 

the  straw  on  which  the  pans  were   laid  became    wet,  it 

was  always  changed  for  dry  straw;  and  the  reason  Wells 

assigned  for  this  was,  that  the  straw,  by  being  wetted,  was 

rendered  more  compact  and  efficient  as  a  conductor.     This 

may  have  been  the  case,  but  it  is  also  certain  that  the 

vapour  rising  from  the  wet  straw,  and  overspreading  the 

pans  hke  a  screen,  woidd  check  the  chill,  and  retard  the 

congelation. 

(656)  With  broken  health  Wells  pursued  and  completed 
this  beautiful  investigation ;  and,  on  the  brink  of  the  grave, 
he  composed  bis  Essay.  It  is  a  model  of  wise  enquiry  and 
of  lucid  exposition.  He  made  no  haste,  but  he  took  no 
rest  till  he  had  mastered  his  subject,  looking  steadfastly 
into  it  until  it  became  trajisparent  to  his  gaze.  Thus  he 
solved  bis  problem,  and  stated  \\s  solution  in  a  fashitm 
which  renders  his  work  imperishable.* 

(657)  Since  his  time  various  esperimenterB  have 
occupied  themselves  with  the  question  of  ooctumal 
radiation ;  but,  though  valuable  facts  have  been  accumn- 
lated,  if  we  except  a  supplement  contributed  by  Melloni, 
nothing  of  importance  has  been  added  to  the  theory 
Wells.      Mr.   Glaisher,     M.   Martins,   and   others,   bare 
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ilhiatrated  the  Biibject.  The  following  table  contains  some 
results  obtained  by  Mr.  Glaiaher,  by  exposing  ther- 
mometers at  different  heigbt§  above  the  surface  of  a 
grass  field.  The  chilling  observed  when  the  thermometer 
was  exposed  on  long  grass,  is  represented  by  the  number 
1000;  while  the  succeeding  numbers  represent  the  re- 
lative chilling  of  the  thermometers  placed  in  the  positions 
indicated : — 


LoDgenu    . 

Odb  inch  ftliorc  Uis  poini 
Two  inches  „ 

Three  incbet 

One  toot  ., 

Two  fnH  „ 

Four  r.et  „ 
Six  feet 


(6J8)  It  may  be  asked  why  the  tAennometer,  which  is 
a  good  radiator,  is  not,  when  suspended  in  free  air,  just  as 
much  chilled  as  at  the  earth's  surface.  Wetls  has  answered 
thin  question.  It  is  because  the  thermometer,  when 
chilled,  cools  the  air  in  immediate  contact  with  It ;  this  air 
contracts,  becomes  heavy,  and  descends,  thus  allowing  it« 
place  to  be  taken  by  warmer  air.  In  this  way  the  free 
thermometer  is  prevented  from  falling  very  low  beneath 
the  temperature  of  the  air.  Hence,  also,  the  necessity  of 
a  still  night  for  the  copious  formation  of  dew  -,  for,  when 
the  wind  blows,  fresh  air  continually  circulates  amid  the 
blades  of  grass,  and  prevents  any  considerable  chilling  by 

(659")  When  a  radiator  iseiposed  to  a  clear  sky  it  tends 
to  keep  a  certain  thermometric  distance,  tf  the  term  may  be 
used,  between  its  temperature  and  that  of  the  surround- 
ing air.  This  distance  will  depend  upon  the  energy  of 
the   radiator,   but  it   is   to   a  great   extent   independent 
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of  the  temperature  of  the  air.  Tbus,  M.  Pouillet  h» 
proved  tbat  in  the  month  of  April,  when  llie  temperature 
of  the  air  waa  3'6°  (_'.,  swansdown  fell  by  radiation  to 
— 3'3°:  the  whole  ehilliDg,  therefore,  vaa  7'1°.  In  the 
moDth  of  June,  when  the  temperature  of  the  air  was 
17-75''  C,  the  teoiperature  of  the  radiating   swansdown 

I  10-54°;  the  chilling  of  the  swansdown,  by  radiatiou, 
is  here  T'Zl",  almost  precisely  the  same  as  that  which 
occurred  in  April.  Thus,  while  the  general  temperature 
I  within  wide  limits,  the  differetice  of  temperature 
between  the  radiating  body  and  the  surrounding  air,  re- 
mains sensibly  con Btant. 

(660)  These  facts  enabled  Melloni  to  make  an  impnrtanl 
addition  to  the  theory  of  dew.  He  found  that  a  glass  ther- 
mometer, placed  on  the  ground,  is  never  chilled  more  tbau 
2"  C,  or  3'6°  F.,  below  an  adjacent  thermometer,  withsii- 
vered  bulb,  which  hardly  radiatea  at  all.  These  2°  C,  or 
thereabouts,  mark  the  thermometric  distance  above  re- 
ferred to,  which  the  glass  tends  to  presei-ve  between  it  and 
the  surrounding  air.  But  Sis,  Wil.son,  Wells,  Panr. 
Scoreaby,  Glaisher,  and  others,  have  found  differences  of 
more'than  10°  0.,  or  1 8°  F.,  lietween  athermometer  ou  gnu», 
and  a  second  thermometer  hungafewfeet  above  the  grass. 
How  ia  this  to  be  accounted  for  ?  Very  simply,  according 
to  Melloni,  thus :  The  gnws  blades  first  chill  themselve* 
by  radiation,  2°  C.  below  the  surrounding  air ;  the  air  it 
then  chilled  by  contact  with  the  grass,  and  forms  aronod 
it  a  cold  aerial  hath.  But  the  tendency  of  the  gnua  it 
to  keep  the  above  constant  difference  between  it«  mm 
temperature  and  that  of  the  surrounding  medium.  It 
therefore  sinks  lower.  The  air  sinks  in  its  turn,  being 
still  further  chilled  by  contact  with  the  grass ;  the  graai, 
however,  seeks  to  re-establish  the  former  differenoe;  it 
is  again  followed  by  the  air,  and  thus,  by  a  seriee  of 
actions  and  reactions,  the  entire  stratum  of  air  in  contact 
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with  the  grass  becomes  lowered  to  a  temperature  far 
l>elow  that  which  corresponds  to  the  actual  radiative 
energy  of  the  grass. 

(661)  So  much  for  terrestrial  radiation;  that  of  the 
moon  will  not  occupy  us  so  loDg.  Many  futile  attempts 
have  been  made  to  detect  the  warmth  of  the  moou'a 
heaiDB.  No  doubt  every  luminous  ray  is  aino  a  heat  ray ; 
but  the  light-giving  power  is  not  even  an  approximate 
measure  of  the  calorific  energy  of  a  beam.  With  a  large 
polyzonal  lens,  Melloni  converged  an  image  of  tlie  moon 
upon  Lis  pile;  but  he  found  the  cold  of  his  lens  far 
more  than  sufficient  to  mask  the  heat,  if  such  there 
were,  of  the  moon.  He  then  screened  off  his  lena  from 
tlic  heavens,  placed  bis  pile  in  the  focus  of  the  lens, 
waited  until  the  needle  came  to  zero,  and  then  suddenly 
removing  his  screen,  allowed  the  concentrated  light  to 
strike  his  pile.  The  slight  air-draught«  in  the  place  of 
experiment  were  sufficient  to  disguise  the  effect.  He  then 
stopped  the  tube  in  front  of  bis  pile  witli  glass  screens, 
through  which  tiie  light  went  freely  to  the  blackened  face 
of  tlie  pile,  where  it  was  converted  into  heat.  This  heat 
ciMilii  not  f/et  liiv^k  tkrotufk  tfie  glaea  screen,  and  thus 
Melloui,  following  the  example  of  Sauseure,  accumulated 
his  effects,  and  obtained  a  galvanometric  deflection  of  3° 
or  4°.     The  deflection  indicated  warmth. 

(662)  By  far  the  greater  part  of  the  heat  emitted  by  the 
full  moon  must  consist  of  obscure  rays,  and  these  are  al- 
most wholly  absorh«xl  by  our  atmospheric  vapour.  Even 
such  obscure  rays  as  might  happen  to  reach  the  earth 
would  be  utterly  cut  off  by  such  a  lens  as  Melloni  made 
use  of.  It  might  be  worth  while  to  make  the  experiment 
with  a  metallic  refiector,  instead  of  with  a  lens.  I  have 
myself  tried  a  conical  reflector  of  very  large  dimensions, 
but  have  hitherto  been  defeated  by  the  unBteadinew  of 
London  air. 


(fifiS)  We  have  bow  to  turn  our  tliou;;hU  to  the  souroe 
from  which  terrestrial  and  lunar  heat  is  almost  nhotlj 
derived.  This  source  is  the  sun  ;  for  if  the  earth  has  enx 
been  s.  motten  sphere,  which  ie  iiuw  coaling,  the  quaatity 
of  heat  which  reaches  its  surface  from  within,  haa  [aog 
ceased  to  be  sensible.  First,  then,  let  ua  enquire  what 
ia  the  cooBtitution  of  this  wondrous  body,  to  which  we 
owe  both  light  and  life. 

(664)  Let  us  approach  the  subject  gradually,  and  pre- 
pare our  minds,  by  previous  discipline,  for  the  treatment 
of  so  grand  a  problem.  You  already  know  how  the 
spectrum  of  the  electric  light  is  formed.  Such  a  spectrum 
ia  now  upon  the  screen,  two  feet  n-ide  and  eight  Iong»  iritk 
all  its  magnificent  gradations  of  colour,  one  passing  islo 
the  other,  without  solution  of  continuity.  The  light  &oo> 
which  this  spectrum  is  derived,  is  emitted  from  the  wJid 
incandescent  carbon  points  within  our  electric  lamp.  AQ 
other  white-hot  solids  give  a  similar  spectrum.  When  1 
raise  this  platinum  wire  to  whiteness  by  an  electric  currenV 
and  examine  it«  lipht  by  a  prism,  I  find  the  eame  grada- 
tion of  colours,  and  no  gap  whatever  between  one  colom 
and  the  other.  But  by  intense  heat— by  the  heat  of  the 
electric  lamp,  fur  example — I  can  volatilise  the  metkL 
and  throw  upon  the  screen,  not  the  spectrum  of  the  in- 
candescent solid,  but  of  its  'incaiifleatxnt  vapour.  Tbf 
spectrum  is  now  changed  ;  instead  of  being  a  continuom 
gradation  of  colours,  it  consists  of  a  series  of  brilliant  lines, 
separated  from  each  other  by  spaces  of  darkness. 

(665)  The  pieces  of  carbon  are  now  arranged  in  the 
following  manner: — the  lower  one  ia  a  cylinder,  al«ui 
half  an  inch  in  diameter,  in  the  top  of  which  is  scooped  * 
small  hollow;  into  this  hollow  is  put  this  piece  of  aiuc, 
and  the  upper  carbon  point  is  then  brought  down  upon  it 
The  current  passes ;  and  when  the  points  are  drawn  u«ii, 
the  image  of  the  arc  that  unites  them  is  projected 
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screen  as  a  etreara  of  purple  light,  eighteen  inches  long. 
That  coloured  stream  is  zinc  vapour ;  it  contains  the  atoms 
of  the  zinc  discharged  across  from  cnrhf^n  to  carbon.  These 
atflma  are  now  oscillating  in  certain  definite  periods,  and 
the  colour  which  we  perceive  is  the  composite  impression 
of  thefle  oscillations. 

(U65a)  Resolving,  by  a  prism,  the  light  of  the  arc  into 
its  component  colours,  we  have  no  longer  a  continuoua 
spectrum,  but  these  splendid  bands  of  red  and  blue  light. 

(6fi(i)  I  interrupt  the  current,  remove  tbe  ainc,  and  put 
in  its  phice  u  bit  of  copper.  On  forming  the  arc  we  obtain 
this  stream  of  green  light,  which  we  can  analysis  as  we  did 
the  purple  light  of  the  zinc.  In  tbe  spectrum  of  the 
copper  you  have  these  bands  of  brilliant  green,  which  were 
absent  in  the  case  of  zinc.  We  may  therefore  infer,  with 
certainty,  that  the  atoms  of  copper,  in  the  voltaic  arc, 
vibrate  in  perioda  different  from  those  of  zinc.  Let  us 
now  enquire  whether  these  different  periods  create  any 
confusion,  when  we  operate  upon  a  substance  composed 
of  zinc  and  copper, — the  familiar  substance  brass.  Ita 
xpectrum  is  now  before  you,  and  if  you  have  retained  tbe 
impression  made  by  our  two  last  experiments,  you  will 
recognise  here  a  spectrum,  formed  by  the  superposition  of 
the  two  separate  spectra  of  zinc  and  copper.  The  alloy 
emits,  witbont  confusion,  the  rays  peculiar  to  both  the 
metals  of  which  it  is  composed. 

(667)  Every  metal  emits  ita  own  system  of  bands, 
which  are  as  charactoriutic  of  it  ne  thnstf  other  physical  and 
chemical  (|n&litics  which  give  it  ita  individuality,  fiy  a 
method  of  experiment  sufficiently  refined,  we  can  tneaeure, 
accurately,  the  position  of  the  bright  lines  of  every  known 
metal.  Aci^uainted  with  such  lines,  we  should,  by  the 
mere  inspection  of  the  spectrum  of  any  angle  metal,  be 
able  at  once  to  declare  its  name.  And  not  only  so,  but 
iu  the  cast  of  a  miied  spectrum  we  should   be  able  to 
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declare  the  coDstituenta  of  tbe  mixture  from  which  it 
emaDated.  From  the  exhibition  of  unknown  lines,  the 
exiBteuoe  of  new  metals  has  been  inferred,  Bunsen  and 
Kircbhoff,  for  example,  thus  discovered  Cissium  and  Rubi- 
dium; and  Mr.  Crooks,  by  the  same  method,  discovered 
Thallium,  which  gives  ua  this  single  line  of  brilliant  green. 

(668)  This  law  is  true,  not  only  of  the  metals  them- 
selves, but  also  of  their  compounds,  if  they  be  volatile,  I 
place  a  bit  of  sodium  on  the  lower  cylinder,  and  cause  the 
voltaic  discharge  to  pass  from  it  to  the  upper  coal-point ;  the 
spectrum  of  tbe  sodium  gives  ns  this  single  band  of  brilliant 
yellow.  With  greater  delicacy  of  experiment,  that  band 
18  divided  into  two,  with  a  narrow  dark  interval  l)etweea 
them :  a  still  greater  amount  of  precision  would  further 
subdivide  the  yellow  space.  Let  ns  nnw  remove  the  sodium 
from  the  lamp  and  put  in  its  place  a  little  common  salt, 
or  chloride  of  sodium.  At  this  high  temperature  the  salt 
is  volatile,  and  produces  the  exact  yellow  band  yielded  by 
the  metal.  Thus,  also,  from  the  chloride  of  strontiimi, 
we  obtain  the  bands  of  the  metal  strontium  ;  and  by  means 
of  the  chlorides  of  calcium,  magnesium,  and  lithium,  bit 
produced  the  spectra  of  these  respective  metals. 

(669)  Finally,  this  carbon  cylinder  is  perforated  with 
holes,  into  which  is  crammed  a  mixture  of  all  the  com- 
pounds just  mentioned.  Surely  nothing  more  magnificent 
can  be  imagined  than  the  spectrum  of  the  mixture  now 
upon  the  screen.  Each  substance  gives  out  its  own  pecu- 
liar rays,  which  cut  transversely  the  whole  eight  feet  of 
the  spectrum  into  parallel  bars  of  richly  coloured  ligbt 
Having  previously  made  yourselves  acquainted  with  the 
lines  emitted  by  all  the  metals,  you  woidd  be  able  to 
unravel  this  spectrum,  and  to  state  the  metals  concerned 
in  its  production. 

(670)  The  voltaic  arc  is  here  employed  simply  because 
)  light  is  so  intense  as  to  be  visible  to  a  large  audience 
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like  the  present;"  but  the  same  Giperinients  might  be 
made  with  a  commou  blowpipe  liame.  The  introduction 
of  Bodium,  or  chloride  of  Hodiuin,  turns  the  flame  yellow; 
strontium  turns  it  red ;  copper,  green,  &c.  The  flames 
thuB  coloured,  when  examined  by  a  prism,  show  the  exact 
bands  which  have  been  displayed  before  you. 

(671)  We  have  here,  then,  the  radiation  of  definite 
groups  of  raya  by  incandescent  vapours.  Let  us  now  turu 
our  attention  to  the  absorption  of  definite  groups  of  rays 
by  giiseous  substances.  A  famous  experiment  of  Sir  David 
Brewster's,  thrown  into  a  form  suited  to  the  lecture  room, 
will  illustrate  this  power  of  selection.  Into  tbia  cylinder, 
the  end.i  of  which  are  stopped  by  plates  of  glacis,  is  intro- 
duced a  quantity  of  nitrous  acid  gas,  the  presence  of  which 
is  now  indicated  by  its  rich  brown  colour.  Projecting  a 
brilliaut  spectrum  on  the  screen,  and  placing  the  cylinder, 
containing  the  brown  gas,  in  the  path  of  the  beam  as  it 
issues  from  the  lamp,  you  see  the  continuous  spectrum 
furrowed  by  numerous  dark  bauds.  The  raya  answering 
to  these  bands  are  intercepted  by  the  nitric  gas,  while  it 
permits  the  intervening  bauds  of  light  to  pass  without 
liindruncu, 

(672)  We  now  come  to  the  great  principle  on  which 
these  phenomena  depend,  and  which  we  have  already,  in 
part,  illustrated.  This  principle,  first  announced  by  I'ro- 
fe^or  Kirchhoff,  is,  that  a  gaa,  or  vapour,  absorbs  those 
precise  rays  which  it  can  iteelf  emit.  Atoms  which  swing 
at  a  certain  rate  intercept  waves  wbich  swing  at  the  same 
rate.  The  atoms  which  vibrate  red  light  will  stop  red 
light;  the  atoms  that  vibrate  yellow  will  atop  yellow; 
those  that  vibrate  green  will  stop  green,  and  so  of  the 
rest.  Absorption,  you  already  know,  is  a  transference  of 
motion  from  the  ether  to  the  molecules  immersed  in  it, 


•  Tho  aplpodul  blue  land  of  Lithium  vni  < 
eWuic  lamp  ill  tils  tlicatre  of  the  RoftU  InititU 


mcoTerwi  liy  ut 
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and  the  absorption  of  any  atom  ia  exerted  chiefly  upon 
those  waves  which  arrive  in  periods  coinciding  with  ite 

own  rate  of  oBcillation. 

(673)  Let  U8  endeavour  to  prove  this  experimentally. 
We  already  know  that  a  sodium  Same,  when  analysed, 
gives  a  brilliant  band  of  yellow.  This  flat  vessel  contains 
a  mixture  of  alcohol  and  water ;  when  the  mixture  is 
warmed  we  can  ignite  its  vapour:  it  then  gives  a  flame  so 
feebly  luminous  as  to  be  scarcely  visible.  Let  us  mix  salt 
with  the  liquid,  and  again  ignite  it ;  the  flame,  which  a 
moment  ago  waa  scarcely  to  be  seen,  is  now  a  brilUant 
yellow.  Projecting  a  continuous  spectrum  upon  the  screen, 
in  the  track  of  the  beam,  as  it  issues  from  the  electric 
lamp,  I  place  the  yellow  sodium  flame.  Observe  the 
spectrum  narrowly :  you  see  in  the  yellow  a  flickering 
grey  band,  very  faint,  hut  sufficient  to  show  that  the  flame 
has,  at  least  in  part,  intercepted  the  yellow  of  tha  t 
trum:  it  has  partially  absorbed  the  precise  light  whi 
can  itself  emit. 

(674 )  But  the  effect  can  he  made  much  plainer, 
doning  the  salt  flame,  I  place  the  intensely  hot  flame 
of  a  Bunsen'a  burner  in  front  of  the  lamp,  so  that 
the  beam,  wbone  decomposition  is  to  form  our  spectrum, 
shall  pass  through  the  flame.  In  this  little  spoon  of 
platinum  wire  is  placed  a  bit  of  the  metal  sodium,  about 
the  size  of  a  pea.  The  sodium,  when  ignited,  emits  a 
powerful  light,  and  it  is  necessary  to  cut  off  that  light 
from  the  screen  on  which  the  spectrum  is  to  fall.  First 
forming  the  spectrum,  I  introduce  the  platinum  net  con- 
tainiug  the  sotlium  int.o  the  flame  through  which  the 
beam  from  the  lamp  passes.  The  sodium  instantly  colours 
the  flame  intensely  yellow,  and  you  already  see  a  shadow 
coming  over  the  yellow  of  the  spectrum.  But  the  effect 
is  not  yet  at  its  maximum.  After  a  little  time  ■ 
sodium  bursts  into  intense  combustion,  and  at  the  I 
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moment  you  see  the  yellow  dug  utterly  out  of  the  spec- 
trum, a  bar  of  intense  darkness  taking  its  place.  This 
violent  combustion  will  endure  for  a  few  seconds.  On 
withdrawing  the  tiame,  the  yellow  reappears  upon  the 
screen ;  on  reintroducing  it,  the  yellow  band  is  again  cut 
out.  This  may  be  done  ten  times  in  succession,  and  in 
the  whole  range  of  optics  there  is  scarcely  a  more  striking 
experiment.  We  have  thus  concliiflively  proved  that  the 
light  which  the  sodium  Dame  absorbs  is  the  light  which  it 

(075)  Let  us  be  still  more  preciee  in  our  experiments. 
The  yellow  of  the  spectrum  spreads  over  a  certain  interval ; 
and  we  have  now  to  examine  whether  it  is  not  the  parti- 
cular portioD  of  the  yellow  emitted  by  the  sodium,  that  is 
absorbed  by  its  flame.  I  place  a  little  brine  on  the  ends 
of  the  coal-points ;  you  now  see  the  continuous  spectrum, 
with  the  yellow  band  of  the  sodium  brighter  than  the 
rest  of  the  yellow.  When  the  sodium  flame  is  placed  in 
front,  that  particular  baud,  which  now  stands  out  from  the 
spectrum,  is  cut  away. 

1^676)  You  have  already  seen  a  spectrum,  derived  &oma 
mixture  of  various  substances,  and  composed  of  a  succession 
of  sharply  defined  and  brilliant  bars,  separated  from  each 
other  by  intervals  of  darkness.  Could  the  temperature  of 
the  misture  which  produced  rhnt  striped  spectrum  be  so 
exalted  by  a  flame  as  to  render  its  vapours  iDcandeseeot ;  on 
placing  the  flame,  and  vapours,  in  the  path  of  a  beam  pro- 
ducing a  continuouH  spectrum,  we  should  cut  out  of  the 
latter  the  precise  rays  emitted  by  the  components  of  the 
mixture.  We  should  thus,  instead  of  furrowing  the  spec- 
trum by  a  single  dark  liand,  as  in  the  case   of  sodium, 

■  Bffere  Ujin^  tht  rannbuation  of  tlie  mplnl.  I  hail  Uifd  iho  snU-Bunv 
in  ■  Inugh  ti>B  trtt  long;  Uie  effect,  bowBTer,  U  far  Ipu  flno  iluu  (h«t 
Ml<uiubl«  by  tha  eamliuatiuD  of  the  metiil.  TIib  nipurimviit  wni  Snt  made 
during  tay  prepitralioDii  fur  n  lefture  ou  the  '  Ptiftiail  Basis  uf  Solu 
Cbemistry,'  giTen  id  Johb.  1861. 
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furrow  it  by  &  series  of  dark  bands,  equal  in  number  to  the 
bright  bands,  produced  by  the  mixture  itself  when  tbe 
source  of  light. 

(677)  We  DOW  possess  knowledge  sufficient  to  raise  us 
to  the  level  of  one  of  the  moat  remarkable  general  izatioDS 
of  our  age.  When  the  light  of  the  sun  is  properly  decom- 
posed, the  spectrum  is  seen  furrowed  by  inouraerable 
daTk  lines.  A  few  of  these  were  observed  for  the  first 
time  by  Dr.  Wollaston;  but  they  were  investigated  with 
profound  skill  by  Fraiinhofer,  and  called,  after  him, 
Fraunhofer's  lines.  It  baa  long  been  supposed  that  these 
dark  bands  were  due  to  the  absorption  of  the  rays  which 
correspond  to  them,  by  the  atmosphere  of  the  sun; 
but  nobody  knew  how.  Having  once  proved  that  an  in- 
candescent vapour  absorbs  the  precise  rays  which  it  can 
itself  emit,  and  knowing  that  the  body  of  the  sun  is  sur- 
rounded by  an  incandescent  photosphere,  the  supposition 
at  once  flashes  on  the  mind,  that  this  photosphere  may  cut 
off  those  rays  of  the  central  incandescent  orb,  which  the 
photosphere  itself  can  emit.  We  are  thus  led  to  a 
of  the  constitution  of  the  sun,  which  renders  a  com 
account  of  the  lines  of  Fraunhofer. 

(678)  The  sun,  according  to  Kirchhoff,  consistn  i 
central  orb,  molten  or  solid,  of  exceeding  brigbtuesa,  which 
emits  all  kinds  of  rays,  and  woidd  therefore  give  a  con- 
tinuous spectrum.  The  radiation  from  tbe  nucleus,  how- 
ever, has  to  pass  through  the  photosphere,  which  wraps 
the  sun  like  a  flame,  and  this  vaporous  envelope  cuts  otf 
those  particular  rays  of  the  nucleus  which  it  can  itself 
emit — the  lines  of  Fraunhofer  marking;  tbe  position  of 
the  failing  rays.  Could  we  abolish  the  central  orb,  and 
obtain  the  spectrum  of  the  gaseous  envelope,  we  should 
obtain  a  striped  spectrum,  each  bright  bund  of  which 
would  coincide  with  one  of  Fraunhofer's  dark  lines.  Theee 
lines,  therefore,  are   spaces   of  relative,  not  of  abe 
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darkness;  upon  them  the  rays  of  the  absorbent  photo- 
sphere fall ;  but  these,  not  being  sufficiently  intense  to 
make  good  the  light  intercepted,  the  spaces  which  they 
illuminate  are  durk,  in  comparison  to  the  general  brilliancy 
of  the  spectrum. 

(679)  It  has  long  been  supposed  that  sun  and  planets 
have  had  a  common  origin,  and  that  hence  the  same 
substances  are  more  or  less  common  to  them  all.  Can 
we  detect  the  presence  of  any  of  our  terrestrial  substances 
in  the  sun  ?  We  have  learned  that  the  bright  bands  of  a 
metal  are  characteristic  of  the  metal ;  that  we  can,  without 
seeing  the  metal,  declare  its  name  from  the  inspection  of  ita 
bauds.  The  bands  are,  so  to  speak,  the  voice  of  the  metal 
declaring  its  presence.  Hence,  if  any  of  our  terrestrial 
metals  be  contained  in  the  sun's  atmosphere,  the  dark 
lines  which  they  produce  ought  to  coincide  exactly  with 
the  bright  lines  emitted  by  the  vapour  of  the  metal  itself. 
About  sixty  bright  lines  have  been  determined  as  belong- 
ing to  the  single  metal  iron.  When  the  light  from  the 
incandescent  vapour  of  iron,  obtained  by  passing  electric 
sparks  between  two  iron  wires,  ie  allowed  to  pass  through 
one  half  of  a  fine  slit,  and  the  light  of  the  sun  through 
the  other  half,  the  spectra  from  both  sources  of  light 
may  l)e  placed  side  by  side.  Vhen  this  is  done,  it  ia 
found  that  for  every  bright  line  of  the  iron  spectrum 
there  is  a  dark  line  of  the  solar  spectrum.  Reduced  to 
actual  calculation,  this  means  that  the  chances  are  more 
than  1,000,000,000,000,000,000  to  1,  that  iron  is  in 
the  atmosphere  of  the  sun.  Comparing  the  spectra  of 
other  metals  in  the  same  manner,  Professor  Kirchhoff, 
to  whose  geniuB  we  owe  this  splendid  generalization,  finds 
iron,  calcium,  magnesium,  sodium,  chromium,  and  other 
metals,  in  the  solar  atmosphere ;  but  as  yet  he  has  been 
unable  to  detect  gold,  silver,  mercury,  aluminium,  < 
lead,  arsenic,  or  antimony. 
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(680)  We  can  imitate,  in  a  way  more  precise  than  that 
hitherto  employed,  the  aolar  constitution  here  guppoeed. 
In  the  electric  lamp  is  placed  a  cylinder  of  carbon  about 
half  an  inch  thick ;  and  round  about  the  upper  edge  a 
ring  of  sodium,  the  central  portion  of  the  cylinder  being 
left  clear.  I  bring  down  the  upper  coal-point  upon  the 
middle  of  the  cylinder,  thus  producing  the  ordinary  elec- 
tric light.  Its  pro.ximity  to  the  sodium  is  sufficient  to 
volatilise  the  latter,  and  thus  the  little  central  sun  is  sur* 
rounded  with  an  atmosphere  of  sodium  vapour,  as  the 
real  ssm  is  surrounded  by  its  photosphere.  You  see  that 
the  yellow  band  ia  absent  in  the  spectrum  of  this  light* 

(681)  The  quantity  of  heat  emitted  by  the  sun  has  been 
measured  by  Sir  John  Herschel  at  the  Cape  of  Good  Hope, 
and  by  M.  Pouillet  in  Paris.  The  agreement  between  the 
measurements  is  very  remarkable.  Sir  John  Herschel 
tinda  the  direct  heating  effect  of  a  vertical  sun,  at  the  sea 
level,  to  be  competent  to  melt  0-00754  of  an  inch  of  ice 
per  minute;  while,  according  to  M.  Pouillet,  the  quantity 
is  0'00703  of  an  inch.  The  mean  of  the  determinations 
cannot  be  far  from  the  truth;  this  gives  0'0O728  of  an 
inch  of  ice  per  minute,  or  nearly  half  an  inch  per  hour. 
Before  you  (fig.  108}  I  have  placed  an  instrument,  similar 
in  form  to  that  used  by  51.  Pouillet,  and  calli'd  by  him 
a  pyrheliometer.  The  particular  instrument  which  you 
now  see  is  composed  of  a  shallow  cylinder  of  steel  a  a, 
filled  with  mercury.  Into  the  cylinder  ia  introduced  the 
thermometer,  d,  the  stem  of  which  is  protected  by  a  piece 
of  brass  tubing.  The  flat  end  of  the  cylinder  is  to  be 
turned  towards  the  sun,  and  the  surface  thus  presented  is 
coated  with  lampblack.     By  means  of  a  collar  and  screw, 

*  Ac  thJB  time  the  piperEment  of  placing  a  bit  of  fodium,  like  \h«  bic  of 
tine  and  copp«  nlready  referred  to,  on  tbe  top  of  the  lower  cjlinder  of  tb» 
lamp,  w»B  repeftl(«dly  mndo.  tbe  Jark  band  being  producwl.  The  form  dc 
Bcrlbed  aboTB  wsa  giran  to  tJie  experiment,  almpl;  to  render  its  uuli^ 
with  the  effect  of  the  solat  atmuapheru  more  apparent. 
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c  c,  the  instrument  may  be  attached  to  a  stake  driven 
into  the  ground,  or  into  the  enow,  if  the  observations  are 
made  at  considerable  heights.  It 
is  necessary  that  the  surface  which 
receives  the  sun's  rays  sliould  be 
perpendicular  to  them,  and  this  is 
secured  by  attaching  to  the  brass 
tube  which  shields  the  stem  of  the 
thermometer,  a  disc,  e  e,  of  precisely 
the  same  diameter  as  the  steel  cy- 
linder. When  the  shadow  of  the 
cylinder  accurately  covers  the  disc, 
we  are  sure  that  the  rays  fall,  as 
perpendiculars,  on  the  upturned 
surface  of  the  cylinder, 

(t)63)  The  observations  are  made  < 
in  the  following  manner: — First, 
the  instrument  is  permitted,  not  to 
receive  the  sim'a  rays,  but  to  ra- 
diate its  own  beat  for  five  minutes 
against  an  unclouded  part  of  the 
firmament ;  the  decrease  of  the 
temperature  of  the  mercury  con- 
sequent on  this  radiation  being  noted.  Next,  the  instru- 
ment is  turned  towards  the  eun,  so  that  the  solar  rays  fall 
perpendicularly  upon  it  for  five  minutes — the  augmenta- 
tion of  temperature  is  noted.  Finally,  the  instrument  is 
turned  again  towards  the  firmament,  away  from  the  sun, 
and  allowed  to  radiate  for  another  five  minutes,  the  sinking 
of  the  themiometer  being  noted  as  before.  You  might, 
perhaps,  suppose  that  exposure  to  the  sun  alone  would  be 
sufficient ;  but  we  must  not  forget,  that  during  the  whole 
time  of  exposure  to  the  sun's  action,  the  blackened  surface 
of  the  cylinder  is  also  radiating  into  space ;  it  is  not 
therefore  a  case  of  pure  gain :  the  beat  received  from  the 
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sua  is,  in  part,  thua  wasted,  even  while  the  experiment  is 
going  on ;  and  to  find  the  quantity  thus  lost,  the  first  and 
last  experiraenta  are  needed.  In  order  to  obtain  the 
whole  heating  power  of  the  eiiu,  we  must  add  tJie  quantity 
lost  during  the  time  of  exposure,  and  this  cjuantity  is  the 
mean  of  the  first  and  laat  observationa.  Supposing  the 
letter  n  ti>  represent  the  augmentation  of  temperature 
by  five  minutes'  exposure  to  the  sun,  and  that  t  and  f 
represent  the  reductions  of  temperature  observed  before 
and  after,  then  the  whole  force  of  the  sun,  which  we  may 
cal!  T,  would  be  thua  expressed :  ^^ 


(683)  The  area  of  the  surface  on  which  the  sun'a  M^H 
here  fall  is  known;  the  quantity  of  mercury  within  the 
cyUnder  is  also  known ;  hence,  we  can  express  the  effect 
of  the  sun's  heat  upon  a  given  area,  by  stating  that  it  is 
competent,  in  five  minutes,  to  raise  so  nmcb  mercury  or 
80  much  water,  so  many  degrees  in  temperature.  \\'ater, 
indeed,  instead  of  mercury,  was  used  in  M.  Pouillet's 
pyrheliometer. 

(684)  The  observations  were  made  at  different  hours  of 
the  day,  and  consequently,  through  different  tbicknessea  of 
the  earth's  atmosphere;  augmenting  from  the  miDimum 
thickness  at  noon,  up  to  the  maximum  at  6  p.m.,  which 
was  the  time  of  the  latest  observation.  It  was  found  that 
the  solar  energy  diminished,  according  to  a  certain  law,  as 
the  thickness  of  the  air  crossed  by  the  sunbeams  iacreosed; 
and  from  this  law  M.  Pouillet  was  enabled  to  infer  that 
the  absorption,  if  the  rays  were  directed  downwards  to  his 
instrument  from  the  zenith,  would  be  25  per  cent  of  the 
whole  radiation.  Doubtless,  this  absorption  would  be 
chiefly  exerted  upon  the  longer  undulations  emitted  by 
the  sun ;  the  aqueous  vapour  of  our  air,  not  the  air 
itself,  being  the  principal  agent.      Taking  into  accouDi 
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the  whole  terrestrial  hemisphere  turned  towards  the  sun, 
the  amount  intercepted  by  the  atmottpheric  envelope  Is 
four-tenths  of  the  entire  radiation.  Thus,  were  the 
atmosphere  removed,  the  illuminated  hemisphere  of  the 
earth  would  receive  nearly  twice  the  amount  of  heat 
from  the  sun  that  now  reaches  it.  The  total  amount  of 
solar  heat  received  by  the  earth  in  a  year,  if  distributed 
uniformly  over  the  earth's  surface,  would  be  sufficient  to 
liquefy  a  layer  of  ice  100  feet  thick,  and  covering  the 
whole  earth.  It  would  also  heat  au  ocean  of  fresh  water 
fi6  miiet^  deep,  from  the  temperature  of  melting  ice  to  the 
temperature  of  ebullition. 

(685)  Knowing  thus  the  annual  receipt  of  the  earth,  we 
can  cali^ulate  the  entire  quantity  of  heat  emitted  by  the 
Bun  in  a  year.  Conceive  a  hollow  sphere  to  surround 
the  suu,  its  centre  being  the  sun's  centre,  and  its  surface 
at  the  distance  of  the  earth  from  the  sun.  The  section  of 
the  earth  cut  by  this  surface  is  to  the  whole  area  of  the 
hollow  sphere, as  I  :  2,300,000,000:  hence,  the  quautityof 
solar  he-at  intercepted  by  the  earth  is  only  ixtroiMnnruo  °^ 
the  total  radiation. 

(()86)  The  heat  emitted  by  the  sun,  if  used  to  melt  a 
stratum  of  ice  applied  to  the  sun'n  surface,  would  liquefy 
the  ice  at  the  rate  of  2400  feet  an  hour.  It  would  boll 
per  hour,  700,000  millions  of  cubic  miles  of  ice-cold  water. 
Expressed  in  another  form,  the  heat  given  out  by  the  sun, 
per  hour,  ia  equal  to  that  which  would  be  generated  by 
tlie  combustion  of  a  layer  of  solid  coal,  ten  feet  thick, 
entirely  surrounding  the  sun:  hence  the  heat  emitted  in 
a  year  is  equal  to  that  which  would  be  produced  by  the 
combustion  of  a  layer  of  coal  seventeen  miles  in  thickDesa. 

(687)  This,  then,  is  the  sun's  expenditure  which  has 
been  going  on  for  ages,  without  our  being  able,  in  historic 
times,  to  detect  the  loss.  ^V'hen  the  tolling  of  a  bell  is 
heard  at  a  distance,  the  sonorous  vibrations  are  quickly 
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wasted,  and  renewed  strokes  are  necessary  to  maintain 
sound.     Like  the  bell, 

Die  Sonne  toat  aacb  alter  Wniie. 

But  how  is  its  tone  Bustained?  How  is  the  perei 
loss  made  good  ?  We  are  apt  to  overlook  the  wonderful 
the  common.  Possibly  to  many  of  its — and  even  to  some 
of  the  most  enliglitened  among  us— the  sitn  appears  as  a 
lire,  differing  from  our  terrestrial  fires  only  in  the  magni- 
tude and  intensity  of  its  combustion.  But  what  is  the 
burning  matter  which  can  thus  maintain  itself?  All  that 
we  know  of  cosniical  pheuomena  declares  our  brotherhood 
with  the  sun — affirms  that  the  same  constituents  enter 
into  the  composition  of  his  mass  as  those  already  known  to 
chemistry.  But  no  earthly  substance  with  which  we  are 
acquainted — no  substance  which  the  fall  of  meteors  has 
lauded  on  the  earth — would  beatall  competent  to  nifuntain 
the  s\m'a  combustion.  The  chemical  energy  of  such 
substances  would  he  too  weak,  and  their  dissipation  ton 
speedy.  Were  the  sun  a  block  of  burning  coal,  and  were 
it  supplied  with  oxygen  sufficient  for  the  observed  emission, 
it  would  be  utterly  consumed  in  5000  years.  On  the  other 
hand,  to  imagine  it  a  body  originally  endowed  with  a  store 
of  heat — a  hot  globe  now  cooling— necessitates  the  ascrip- 
tion to  it  of  qualities  wholly  different  from  those  possessed 
by  terrestrial  matter.  If  we  knew  the  specific  he.it  of  the 
sun,  we  could  calculate  its  rate  of  cooliug.  Assuming  the 
specific  heat  to  be  the  same  as  that  of  water — the  terres- 
trial substance  which  possesses  the  highest  specific  heat — 
at  its  present  rate  of  emission,  the  entire  maas  of  the  sun 
would  cool  down  15,000°  Fahr.  in  5000  years.  In  short, 
if  the  sun  be  formed  of  matter  like  our  own,  some  means 
must  exist  of  restoring  to  it  its  wasted  power. 

(688)  The  fact«  are  so  extraordinary,  that  the  aobereat 
hypothesis  regarding  them  must   appear  wild.     The     ^ 
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we  know  rotiites  upon  his  axis  once  in  about  twenty-five 
ddvs ;  ;i  ud  the  notion  has  been  entertained  that  tbe  friction 
of  the  periphery  of  this  wheel  against  something  iu  snr- 
rouudiiig  spiice  produces  the  light  and  heat.  But  what 
forms  the  brake,  and  by  what  agency  is  it  held,  while  it 
rubH  against  the  Bun  ?  Granting,  moreover,  the  existence 
of  tbe  brake,  we  can  calculate  the  total  amount  of  heat 
which  tbe  bud  could  generate  by  Buch  friction.  We  know 
his  mass,  we  know  hia  time  of  rotation  ;  we  know  the  me- 
chanical equivalent  of  heat;  and  from  these  data  we  can 
deduce,  with  certainty,  that  the  force  of  rotation,  if 
entirely  converted  into  heat,  would  cover  less  than  two 
centuries  of  emiusion.*  "^here  ia  nothing  hypothetical  in 
this  c-alculation. 

(BS9)  I  have  already  alluded  to  another  theory,  which, 
liriwever  bold  it  may  at  first  sight  appear,  deserves  our 
serious  attention  —  the  Meteoric  Theory  of  the  Sun. 
Kepler's  celebrated  statement  that  'there  are  more  eomet« 
ill  the  heavens  than  fish  in  the  ocean,'  implies  that  a 
small  portion  only  of  tbe  total  number  of  comets  belonging 
to  our  system  are  seen  from  the  earth.  But  heHides 
comet*,  and  planets,  and  moons,  a  nuineroua  class  of 
bodies  belong  to  our  systera  which,  from  their  smallnesB, 
might  be  regarded  as  cosmical  atoms.  Like  the  planets 
and  the  comets  these  smaller  asteroids  obey  tbe  law  of 
gravity,  and  revolve  in  elliptic  orbits  round  the  sun.  It  is 
they  which,  when  they  come  within  the  earth's  atmosphere, 
and  are  tired  by  friction,  appear  to  ua  as  meteors  and  falling 
stars. 

(Ii90)  On  a  bright  night,  twenty  minutes  rarely  pass  at 
any  part  of  the  earth's  surface,  without  tlie  appeanmce  of 
at  least  one  meteor.  Twice  a  year  (on  the  12th  of  August 
and  14tb  of  November)  they  appear  in  enormous  numbera. 
During  nine  hours  in  Boston,  when  they  were  described  as 
■  Mayer.  Djnamik  dea  ITIininels,  p.  ID. 
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falling  as  thick  as  snowfiakes.  240,000  meteors  were  ob- 
served. The  number  falling  in  a  year  mi^ht,  perhaps,  be 
estimated  at  hundreds  or  thoueands  of  millions,  and  even 
these  would  constitute  but  a  small  portion  of  the  total 
crowd  of  asteroids  that  circulate  round  the  aun.  From  the 
phenomena  of  light  and  heat,  and  bj  direct  observations 
on  Encke's  comet,  we  leara  that  the  universe  is  filled  by 
a  resisting  medium,  through  the  friction  of  which  all  the 
masses  of  our  system  are  drawn  gradually  towards  the  sua. 
And  though  the  larger  planets  show,  in  historic  times,  no 
diminution  of  their  perioila  of  revolution,  it  may  be  other- 
wise with  the  smaller  bodies.  In  the  time  required  for  the 
mean  distance  of  the  earth  to  alter  a  single  yard,  a  small 
asteroid  may  have  approached  thousands  of  miles  nearer  to 
the  sun. 

(691)  Following  up  these  reflections,  we  should  be  led 
to  the  conclusion,  that  while  an  immeasurable  stream  of 
ponderable  meteoric  matter  moves  unceasingly  towards  the 
snn,  it  must  augment  in  density  as  it  approaches  its  centre 
of  convergence.  And  here  the  conjectiu-e  naturally  rise*, 
whether  that  vast  nebulous  mass,  the  Zodiacal  Light,  which 
embraces  the  sun,  may  not  be  a  crowd  of  meteors.  It  is  at 
least  proved  that  this  luminous  phenomenon  arises  from 
matter  which  circulates  in  obedience  tfl  planetary  laws: 
hence,  the  entire  mass  of  the  zodiacal  light  must  be  con- 
stantly approaching,  and  incessantly  raining  its  substance 
down  upon  the  sun. 

(692)  It  is  easy  to  calculate  both  the  maximum  and  the 
minimum  velocity,  imparted  by  the  sun's  attraction  to  an 
asteroid  circulating  round  bim.  The  maximum  is  generated 
when  the  body  approaches  the  sun  from  an  infinite  dis- 
tance ;  the  entire  pull  of  the  sun  being  then  exerted  upon 
it,  The  minimum  is  that  velocity  which  would  bareJy 
enable  the  body  to  revolve  round  the  sun  close  to  his  sur- 
face.    The  final  velocity  of  the  former,  just  before  striking 
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tl)e  Biin,  would  be  390  milea  a  secoml,  that  of  the  latter 
'^Iti  miles  a  Bccond.  Tlie  asteroid,  on  striking  tbe  siiu, 
witL  the  former  velocity,  wowld  develope  more  than  9000 
times  the  heat  generated  by  the  combustion  of  an  equal 
aneroid  of  solid  coal ;  while  the  shock,  in  tbe  latter  case, 
would  generate  heat  eijual  to  that  of  the  combustion  of  iip- 
wiirds  of  4000  such  asteroids.  It  matters  not,  therefore, 
whether  tbe  substances  falling  into  the  suu  be  combustible 
or  not;  their  being  combustible  would  not  add  sensibly  to 
the  tremendous  heat  produced  by  their  mechanical 
colHaion. 

(1593)  Here,  then,  we  have  an  agency  competent  to  re- 
store his  lost  energy  to  the  sun,  and  to  maintain  a  tem- 
perature at  his  surface  which  transcends  all  terrestrial 
L'ouibustion.  In  tlie  fall  of  asteroids  we  find  the  means  of 
producing  the  solar  light  and  heat.  It  may  be  contended 
that  this  showering  down  of  matter  neeeaaitates  the 
growth  of  the  sun ;  it  does  so ;  but  the  quantity  necesBary 
to  maintain  the  observed  calorific  emission  for  4000  years, 
would  defeat  the  scrutiny  of  our  best  instruments.  If  the 
earth  struck  the  sim,  it  would  utterly  vanish  from 
perception ;  but  the  heat  developed  by  its  shock  would 
cover  the  expenditure  of  a  century. 

(694)  To  the  earth  itself  we  might  apply  considerations 
similar  to  those  which  we  have  applied  to  the  sun.  From 
the  present  form  of  the  earth,  we  infer  that  it  was  once  in 
a  fluid  condition.  Tbe  combination  of  the  theory  of  gra- 
vitation and  the  mechanical  theory  of  heat,  suggests  to  us 
the  possible  origin  of  the  eai-th's  former  fluidity.  It  enablex 
Its  to  regard  the  molten  condition  of  a  planet  as  resulting 
frotn  the  mechanical  shock  of  cosmical  masses,  and  it  thus 
reduces  to  the  same  cause  the  internal  heat  of  the  earth 
and  tbe  radiant  heat  of  the  sun. 

(695}  Without  doubt,  the  whole  surface 'of  the  sun 
displays  an  unbroken  ocean  of  molten  matter.     On  this 
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ocean  reata  an  atmospliere  of  glowing  gaa — a  flame  atmo- 
sphere, or  photoBphere.  But  gafieoiis  substances  emit,  evea 
when  their  temperature  is  very  high,  only  a  feeble  light. 
Hence,  it  is  probable  that  the  dazzling  white  light  of  the 
sun  comes  to  us,  through  the  atmosphere,  from  the  deneer 
matter  underneath," 

(696)  There  is  one  other  consideration  connected  with 
the  permanence  of  our  present  terrestrial  conditions,  which 
is  well  worthy  of  our  attention.  Standing  upon  one  of  the 
London  bridges,  we  observe  the  current  of  the  Thames  re- 
versed, and  the  water  poured  upwards  twice  a  day.  The 
water  thus  moved  mbs  against  the  river's  bed  and  slden. 
and  heat  is  the  consequence  of  this  friction.  The  Iieat  thus 
generated  is,  in  part,  radiated  into  space,  and  there  lost,  bs 
far  as  the  earth  is  concerned.  What  is  it  that  supplies  this 
incessant  loss  ?  The  earth's  rotation.  Let  iia  look  a  little 
more  closely  into  this  matter.  Imagine  the  moon  fixed, 
imJ  the  earth  turning  like  a  wheel  from  west  to  east  in  its 
diurnal  rotation.  A  mountain  on  the  earth's  surface,  on 
approaching  the  moon's  meridian,  is,  as  it  wexe,  laid  hold 
of  by  the  moon ;  it  forms  a  kind  of  handle,  by  which  the 
earth  is  pulled  more  quickly  roimd.  But  when  the  meri- 
dian is  passed,  the  pull  of  the  moon  on  the  mountain  will 
he  in  tlie  opposite  direction;  it  now  tends  to  diminish  the 
velocity  of  rotation  as  much  as  it  previously  augmented  it: 
and  thus  the  action  of  all  fixed  bodies  on  the  earth's 
surface  is  neutralised, 

(697)  But  suppose  the  mountain  to  lie  always  Xn  the 
east   of  the  moon's   meridian,  the   pull  would    then   be 
always  exerted  against  the  earth's  rotation,  the  velocity  of 
which  would  he  diminished  in  a  degree  correfiponding  to     ' 
the  strength  of  the  pull.     The  tidal  wave  octrupiia  tku 

'  I  am  quoting  \\vtv  from  Miiyrr.  but  Ihin  is  the  6i8ct  now  now  entir. 
lained  by  Kirolihoff.  We  see  ihe  solid  or  molten  irhss  of  tlie  stui  timyh 
■  II  pbatusphvre. 


RAIN    or    MKTKOBITKS. 


poaitiun — it  Una  always  to  the  east  of  the  moon's  meri- 
dian ;  the  waters  of  the  ocean  are,  in  part,  dragged  as  il 
brake  along  the  surface  of  the  earth,  and  as  a  brake  they 
must  diminish  the  velocity  of  the  earth's  rotation.  The 
diminution,  though  inevitable,  is,  however,  too  small  to 
make  itself  felt  withio  the  period  over  which  observations 
on  the  subject  extend.  Supposing,  then,  that  we  turn  a 
mill  by  Ihe  action  of  the  tide,  and  produce  beat  by  the 
friction  of  the  millstones;  that  heat  has  an  origin  totally 
different  from  the  beat  produced  by  another  pair  of  mill- 
stones, which  are  turned  by  a  mountain  stream.  The 
former  is  produced  at  the  expense  of  the  earth's  rotation ; 
the  latter  at  the  expense  of  the  sun's  heat,  which  lifted  tlie 
rnillstream  to  its  source,' 

(6'J8)  .Such  is  an  outline  of  the  Meteoric  Theory  of  the 
Sun,  as  extracted  from  Mayer's  '  Essay  on  Celestial  Dy- 
namics.' I  have  held  closely  to  his  statements,  and  in 
niiist  cases  simply  translated  bis  words.  But  the  sketch 
conveys  uo  adequate  idea  of  the  tirmncss  and  consistency 
with  which  he  ban  applied  bis  principles.  He  deals  with 
true  causes;  and  the  only  question  that  can  affect  his 
ibetjry  refers  to  the  quantity  of  action  ascribed  by  him  to 
these  causes,  I  do  not  pledge  myself  to  this  theory,  nor  do 
I  ask  you  to  accept  it  as  demonstrated ;  still,  it  would  l)e 
n  great  mistake  to  regard  it  as  obimerica).  It  is  a  noble 
speculation:  and  depend  upon  it,  the  true  theory,  if  this, 
or  some  form  of  it,  be  not  the  true  one,  will  not  appear  lew 
wild  or  less  astounding.f 

*  I>.vnHin<li  lien  IlimmcilB,  p.  38,  In: 

t  While  [in'paring  Iheee  nhtwla  HqaIIj  for  prnFa,  I  Imd  ocouiiia  lo  laiJt 
Kiiiv  mon  inlu  ihe  irritinga  of  Mayer,  antl  the  aRoiTt  was  »  roriral  of  iJio 
iiitrrfBi  vitJi  which  1  Itnt  mul  them.  Dr,  Mayor wnBapnctiBiogphjnieian 
III  the  little  Ocrmaa  town  of  Hoilbronn.  nail  in  IMD,  he  made  the  obaam- 
lii>n  that  the  reuomi  hinnd  of  afArerish  |utieiilia  iJir  tro^Hnwa*  redder  than 
lu  motB  Dorthorn  latitude*.  Sbirtiog  from  Uiii  tsrl,  while  engaged  in  the 
(latleRoTa  Uborlnus  profeseian.  and  Hpparently  without  aaingle  ktndnd 
spirit  III  cupport  uad  i»nimslr  him.  hn  rainwl  hie  trind  lo  the  leyel  iodicattd 


4^4  UF.kT   AS   A    MODC   OF    MOTION.        tH4r.  ^H 

(699)  Mayer  published  liis  Essay  m  1848;  five  years 
ftfterwards,  Mr.  Waterston  sketched,  indepeodently,  a 
fimilar  theory  at  the  Hull  Meeting  of  the  British  Assocu- 
;ion.  The  TraoBactioQa  of  the  Royal  Society  of  Edin- 
Imrgh  for  )8o4  contain  aa  extremely  beautiful  memoir,  by 
Professor  Sir  William  Thomsou,  in  which  Mr.  Watersfon's 
sketch  is  fully  developed.  He  considers  that  the  m^eors, 
which  are  to  furnish  stores  of  energy  for  uur  future  sun- 
light, lie  principally  within  the  earth's  orbit,  and  that  we 
see  theui  there,  as  the  Zodiacal  Light,  'an  illuminated 
shower,  or  rather  tornado,  of  stones.' 

(700)  Sir  William  Thomson  adduces  the  following  forcible 
considerations  to  show  the  inadequacy  of  diemical  combina- 
tion to  produce  the  sun's  heat,  '  Let  us  consider,'  he  sats, 
'  howmuch  chemical  action  would  be  required  to  produce  the 
same  effects Taking  the  former  estimate,  2781  ther- 
mal units  Centigrade  (each  1390  foot  pounds  §  38)  or 
3.8fi9,000  foot  pound",  which  is  eqiuvalent  to  7000  horse- 
power, as  the  rate  per  second  of  emission  of  enei^  from 
(■very  square  foot  of  the  sun's  surface,  we  find  that  mote 
than  0-42  of  a  pound  of  coal  per  second,  1^00  lbs.  per  hour. 
would  he  required  to  produce  heat  at  the  same  rate.  Sow 
if  all  the  fires  of  the  whole  Baltic  fleet  (tliis  was  written  in 
1854)  were  heaped  up  and  kept  in  fiill  combustion  over 
one  or  two  square  yards  of  surface,  and  if  the  surface  of  a 
jriobe  all  round  had  every  square  yard  so  occupied,  where 
coiild  a  sufficient  supply  of  air  come  from  to  sustain  the 
combustion  ?  Yet  such  is  the  condition  we  iniist  suppose 
the  sun  to  he  in,  according  to  the  hypotliesia  now  under 

l>v  the  referenceH  mvlF  to  Ms  vorks,  lliroughont  this  bonk.  In  lft41  b 
published  his  Hn>t  inrmoir  '  On  ihe  I'orcenof  loorgdnic  Ifnturo;'  in  itUi. 
his 'Orgnoic  Motion'  was  publiBh'Mi  ;  in  1848,  Ms  ■  Celcetiiil  VjuuDM 
appeared;  and  in  1861.  he  published  his  liemnrlui  on  Ihe  MectiMikal 
Kquivalent  of  HenU'  AAer  this  bis  orertHsktid  brain  gave  waj.  Mid  * 
vlood  Bottled  on  ths  intoUect  which  had  accomplished  so  much.  The  i  ~  ' 
bowevor,  was  but  tPropormy,  aad  Dr.  Mayer  is  now  restored. 


THOMSONS   TIIEOKT. 


i^onuideratiun If  tlie   products   of  coinbustioQ  were 

■;aaeou3,  theywould,  in  rising,  check  the  necessary snppliea 
uf  fresh  air;  if  they  were  solid  and  liquid  (as  they  miyht 
lie  if  the  fuel  were  metallic)  theywould  interfere  with  the 
supply  of  elements  from  helow.  In  either,  or  in  both  ways, 
the  tire  would  be  choked,  and  I  think  it  may  he  safely 
affirmed  that  no  such  tire  could  keep  aliyht  for  more  than 
a  fi?w  raiuuteH,  by  any  conceivable  adaptation  of  air  and 
fuel.  If  the  sun  be  a  burning  mass  it  must  be  more  ana- 
logous to  burning  gunpowder  than  to  a  fire  burning  in  air ; 
ami  it  is  quite  conceivable  that  a  solid  mass,  containing 
within  itself  all  the  elements  required  for  comhustiou, 
provided  the  products  of  combustion  are  permauently 
g^^eoua,  could  burn  off  at  its  surface  all  round,  and 
actually  emit  heat  as  copiously  as  the  sun.  Thus,  an 
enormous  globe  of  gun-cotton  might,  if  at  first  cold,  and 
once  set  on  fire  round  its  surface,  get  to  a  permanent  rate 
of  burning,  in  which  any  internal  part  would  become 
heattni  sufficiently  to  ignite,  only  when  nearly  approached 
by  the  burning  surface.  Jt  ia  highly  probable  indeed  that 
such  a  body  might  for  a  time  be  as  large  as  the  sun  and 
give  out  luminous  heat  as  copiously,  to  he  freely  radiated 
into  apace,  without  auflfering  more  absorption  from  itw 
atmo.sphere  of  transparent  gaseous  products  than  the  light 
of  the  sun  actually  does  experience  from  the  dense  atmo- 
r^phere  through  which  it  passes.  Let  us  therefore  consider 
at  what  rate  such  a  body,  giving  out  heat  so  copioiialy, 
would  bum  away,  the  heat  of  combustion  could  probably 
not  be  so  mucii  as  4tKK)  thermal  units  per  pound  of  mat- 
ter burned,  the  greatest  thermal  eijuivalent  of  chemical 
action  yet  ascertained  falling  considerably  short  of  this. 
But  2761  thermal  units  (as  found  ahove^  are  emitted  per 
second  from  each  square  foot  of  the  sun ;  hence  there  would 
lie  a  loss  of  about  0-7  of  a  pound  of  matter  per  square  foot 
]i;T   sc^ciind or   a    layer   half  a   foot   thick   in   ii 
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minute,  or  55  miles  thick  in  a  year.  At  the  same  rat« 
continued,  a  mass  as  lai^e  as  the  a>m  ia  at  present  would 
burn  away  in  8000  years.  If  the  sun  has  been  burning  at 
that  rate  iu  past  time  he  must  have  been  of  double 
diameter,  of  ijuadruple  heating  power,  and  of  eiyht-fold 
mass  only  8000  years  ago.  We  may  therefore  quite  safely 
conclude  that  the  sun  does  not  get  its  heat  by  chemicjil 
action.  .  .  .  and  we  must  therefore  look  to  the  meteoric 
theory  for  fuel.' 

(701)  The  eminent  physicist  I  have  just  quoted  sub- 
sequently modified  his  view  of  the  origin  and  maintenance 
of  solar  heat.  He  showed  in  1S54  that  the  concliision  of 
physical  is  against  the  idea  of  the  meteoric  matter  being 
i-stra  planetary.  He  inferred  that  if  this  were  the  case  the 
year  would  be  so  shortened  by  the  augmentation  of  the 
sun's  mass  that  in  reckoning  back  2000  of  our  present  years 
we  should  findourselves  one-eighth  of  a  year  in  error.  Hence 
he  concluded  that  the  meteors  which  supply  the  sun  with 
heat  had  existed  long  previously  within  the  earth's  orbit. 

But  the  researches  of  Le  Verrier  on  the  motion  of  the 
planet  Mercury,  though  they  indicate  the  existence  of  such 
circulating  matter  round  the  sun,  show  it  to  be  small  in 
quantity.  Hence  Sir  William  Thomson  in  1862,  arrived  at 
the  conclusion  that  if  any  appreciable  portions  of  the  sun"* 
heat  be  due  to  the  present  raining  down  of  meteoric  matter, 
the  matter  milst  circulate  round  the  sun  close  to  his  sur- 
face. But  if  such  matter  existed,  it  is  difficult  to  imagiue 
liow  bodies  so  attenuated  as  comets  could  escape  from  the 
sun  without  any  sensible  loss  of  energy  after  having  passed 
at  a  distance  from  his  surface  less  than  one-eighth  of  bis  ra- 
dius. Sir  William  Thomson  therefore  concludes,  that  thoi^h 
the  Sim  was  formed  by  the  collision  of  small  masses,  this 
collision  being  demonstrably  able  to  supply  us  with  twenty 
million  years  of  solar  heat  at  the  present  rate  of  emission. 
^  sun's  expenditure,  though  thus  orirjlnated,  ia  not  mntn- 
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tiLined  by  the  mechoDical  collisioo  of  gravitating  masses, 
the  low  rate  of  cooliog  and  the  cousequent  conetaucy  of  the 
emission  being  due  in  great  part  to  the  high  specitic  heat  of 
the  matter  of  the  Bun. 

(702)  From  the  firet  memoir  of  Sir  William  Thomson  I 
extract  the  following  interesting  data,  showing  the  amount 
iif  heat  equivalent  to  the  rotation  of  thi'siin  and  the  orbital 
revolutions  of  the  planet*,  or  the  amounts  of  heat  which 
would  be  generated  if  a  brake  were  applied  at  the  surface 
of  the  sun,  so  ax  to  stop  the  motion  of  rotation,  and  if  the 
planets  were  stopped  in  their  orbits ;  also  the  heat  obtain- 
able from  gravitation,  or  that  which  would  be  developed  by 
each  of  the  planets  falling  into  the  sun.  The  ((uantity  of 
heat  is  expressed  by  the  time  during  whieh  it  would  cover 
the  solar  emission. 

llMt  of  OnTiuclsD,  aqaat  to  Solar         Hou  at  Rondallan.  iqiuil  tn  BdIdt 
ctniulun  fur  ■  pfffflori  of                           emlHloa  for  4  purtnl  9t 
Sun llAfuar*    Sitayii 


(703)  Thus,  if  the  planet  Mercury  were  to  strike  the 
sun,  the  quantity  of  heat  generattid  would  cover  the  solar 
"^mission  fur  nearly  seven  years ;  while  the  shock  of  Jupiter 
would  cover  the  loss  of  32,240  years.  Our  earth  wnuld 
furnish  a  supply  for  95  years,  The  heat  of  rotation  of  th<> 
sun  and  planets,  taken  together,  would  cover  the  solar 
emiexiou  for  134  years;  while  the  total  heat  of  gravitation 
(that  produced  by  tlie  planets  falling  into  the  sua)  would 
I'over  the  emission  for  45,589  years. 

(704)  lATiatever  be  the  ultimate  fate  of  the  theory  here 
sketched,  it  is  a  great  thing  to  be  able  to  state  the  con- 
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ditions  which  certainly  would  produce  n  sun, — tn  be  4 
to  discern  in  the  force  of  gravity,  acting  upon  dark  n 
the  source  froin  which  the  starry  heavens  may  have 
derived.  For,  whether  the  sun  he  produced  and  his  emis- 
sion maintained  hy  the  colliaion  of  cosmical  masses, — 
whether  the  internal  heat  of  the  earth  be  the  residue  oi 
that  developed  by  the  impact  of  cold  dark  asteroids,  or  not, 
there  cannot  be  a  doubt  as  to  the  competence  of  the  cauw 
assigned  to  prwdnce  the  effects  ascribed  to  it.  Solar  ligbl 
ami  aolar  heat  lie  latent  in  the  force  which  pulls  an  apple 
to  the  ground.  '  Created  simply  as  a  difference  of  posatiim 
of  attracting  masses,  the  potential  energy  of  gravitation 
was  the  original  form  of  all  the  energy  in  the  universt. 
As  surely  as  the  weights  of  a  clock  run  down  to  their 
lowest  position,  from  which  they  can  never  rise  again 
unless  fresh  energy  is  communicated  to  them  from  some 
source  not  yet  exhausted,  bo  surely  must  planet  after 
planet  creep  in,  age  by  age,  towards  the  sun.  When  each 
comes  within  a  few  hundred  thoupaud  miles  of  his  sur&ce. 
if  he  is  still  incandescent,  it  must  be  melted  and  driven 
into  vapour  by  railiant  heat.  Nor,  if  lie  be  crusted  over 
and  become  dark  and  cool  extern.illy,  can  the  doomeni 
planet  escape  its  fiery  end.  If  it  does  not  become  incan- 
descent, like  a  shooting  star,  by  friction  in  its  passage 
through  his  atmosphere,  its  first  graze  on  his  surface  must 
produce  a  stupendous  flash  of  light  and  heat.  It  may  he 
at  once,  or  it  may  be  after  two  or  three  bounds,  like  a 
cannon-shot  ricocJietting  on  a  surface  of  earth  or  water, 
the  whole  mass  must  be  ciushed,  melted,  and  evaporated 
by  a  crash,  generating  in  a  moment  some  thousands  of 
times  as  much  heat  as  a,  coul  of  the  same  size  would  pro 
duce  by  burning.'  • 

(705)    Helmholtz,    an    eminent    tieimau  physio 

•  Thomson  and  Tail  in  ■  Gouil  Wonls,'  Oiit.  ISQJ,  p.  608. 
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physiciBt,  and  mathematician,  takes  a  soraewbat  ditTerent 
view  of  the  origin  and  maintenance  of  aolar  light  and 
heal.  He  starts  from  the  nebular  bypothesifl  of  Laplace, 
and  assuming  the  nebulous  matter,  in  the  tirst  instance, 
to  have  been  of  extreme  tenuity,  he  determines  the  amount 
of  heat  generated  by  itn  condensation  to  the  present  aolar 
system.  Supposing  the  specific  heat  of  the  condensing 
mass  to  be  the  same  as  that  of  water,  then  the  heat  of 
condensation  would  be  sufficient  to  raise  the  temperature 
28,000,000°  Centigrade.  ]!y  far  the  greater  part  of  this 
heat  was  wasted,  ages  ago,  in  space.  The  most  intense 
terreistrial  combustion  that  we  can  command  is  that  of 
oxygen  and  hydrogen,  and  the  temjjerature  of  the  pure 
oxyhydrogen  flame  is  8061°  C  The  temperature  of  n 
hydrogen  flame  burning  in  air,  it  3259°  C. ;  while  that 
of  the  lime  light,  which  shiues  with  such  sunlight  brilliancy, 
is  estimated  at  ^000°  C  What  conception,  then,  can  we 
form  of  a  temperature  more  than  thirteen  thousand  timei 
that  of  the  Drumraond  light  ?  If  our  system  were  com- 
posed of  pure  coal,  and  burnt  up,  the  heat  produced  by 
its  combustion  would  only  amount  to  jjVoth  of  that  ge- 
nerated by  the  condensation  of  the  nebulous  matter,  to 
form  our  solar  system.  Heimboltz  supposes  this  conden- 
sation to  continue;  that  a  virtual  falling  down  of  the 
Nuptifficial  portions  of  the  sun  towards  the  centre  still 
takes  place,  u  continual  development  of  heat  being  the 
result.  However  tliia  may  be,  he  shows  by  calculation 
that  the  shrinking  of  the  sun's  diameter  by  -yniygth  of  itJi 
present  length,  would  generate  an  amount  of  heat  com- 
petent to  cover  the  solar  emission  for  2000  years ;  while 
the  condensation  of  the  sun  from  its  preitent  mean  density  to 
that  of  the  earth,  would  have  its  eipilvalent  in  an  amount 
of  heat  competent  to  cover  the  present  solar  eroissinn  for 


17,000,000 


years. 


{70(i)  'But,'  continues  Heimboltz, '  tluugh  the  store  of 
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■mr  planetary  system  is  so  imiucnse  that  it  has  not  been 
Hcnsibiy  diminished  by  the  incessant  emission  which  has 
gone  on  during  the  period  of  man's  history,  and  though 
the  time  which  most  elapse  before  a  sensible  change  in 
the  condition  of  our  planetary  system  can  occnr,  is  totally 
liejond  our  comprehension,  the  inexorable  laws  of  me- 
chanics show  that  this  store,  which  can  only  suffer  loss, 
jind  not  gain,  must  finally  be  exhausted.  Shall  we  terrify 
ourselves  by  this  thought?  We  are  in  the  habit  of 
measuring  the  greatness  of  the  universe,  and  the  wisdom 
displayed  in  it,  by  the  duration  and  the  profit  which  it 
promises  to  our  own  race;  but  the  past  history  of  the 
earth  shows  the  insignificance  of  the  int-erval  during  which 
man  has  bnd  his  dwelling  here.  What  the  museums  of 
Europe  show  us  of  the  remains  of  Egypt  and  Assyria  we 
gaze  upon  with  silent  wonder,  in  despair  of  being  able 
to  carry  back  our  thoughts  to  a  period  so  remote.  Still, 
the  human  race  must  have  existed  and  multiplied  for 
ages  before  the  Pyramids  could  have  been  erected.  We 
estimate  the  duration  of  human  history  at  6000  years; 
but,  vast  as  this  time  may  appear  to  us,  what  is  it  in 
comparison  with  the  period  during  which  the  earth  bore 
Huccessive  series  of  rank  plants  and  mighty  animals,  but 
no  men  ?  Periods  during  which,  in  our  own  neighbour- 
hood (Konigsberg),  the  amber-tree  bloomed,  and  dropped 
its  costly  gum  on  the  earth  and  in  the  sea  ;  when  in  Europe 
and  North  America  groves  of  tropical  palms  floiirislied, 
in  which  gigantic  lizards,  and,  after  them,  elephants,  whose 
mighty  remains  are  still  buried  in  the  earth,  found  u 
home.  Different  geologists,  proceeding  from  different 
premises,  have  sought  to  estimate  the  length  of  the  above 
period,  and  they  set  it  down  from  one  to  nine  milhons 
of  years.  The  time  during  which  the  earth  has  gene- 
rated organic  beings  is  again  small,  compared  with  t 
iiges  during  which  llie  world  was  a  mass  of  molten  i 
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Tl]e  experiments  of  Bischof  upon  Kisa'.t  show  that  our 
glolie  would  require  350  mtlliotiB  of  yeara  to  cool  down 
from  2000°  to  200°  Centigrade.  And  with  regard  to  the 
period  during  which  the  first  nebulous  masses  condenaed, 
to  fitrm  our  planetary  system,  conjecture  must  entirely 
cejise.  The  history  of  man,  therefore,  is  but  a  iniuiitc 
ripple  in  the  infinite  ocean  of  time.  For  a  much  longer 
period  than  that  during  which  he  hus  already  occupied 
this  world,  the  existence  of  a  state  of  inorganic  nature, 
favourable  to  man's  continuance  here,  seems  to  be  secure*!, 
so  that  for  ourselves,  and  for  long  generations  at^er  us,  we 
have  nothing  to  fear.  But  the  same  forces  of  air  and 
water,  and  of  the  volcanic  interior,  which  produced  former 
geologic  revolutions,  burying  one  series  of  living  forma 
aflfr  another,  still  act  upon  the  earth's  crust.  They, 
rather  than  those  distant  cosmical  changes  of  which  we 
have  spoken,  will  put  an  end  to  the  human  race;  and, 
perhaps,  compel  us  to  make  way  for  new  and  more  com- 
plete forms  of  life,  as  the  lizard  and  the  mammoth  have 
given  way  to  us  and  our  contemporaries.'" 

(7U7J  The  relationship  of  our  planet  and  the  powers 

active  there,  to  the  sun,  demands  special  attention.     Five 

and  thirty  years  ago,  the  following  remarkable  passage, 

bearing  upon  this  subject,  was  written  by  Sir  .John  Her- 

aohel-t     *  The  sun's  rays  are  the  ultimate  source  of  almost 

every  motion  which   takes  place  on  the  .•iurfiice  of  the 

earth.     By  itn  heat  are   produced  nil   winds,  and  those 

disturbances   in  the    electric   equilibrium   of  the   atmo- 

I  Bphere  which  give  rise  to  the  phenomena  of  lightning,  and 

rprobabty  also   to  terrestrial  magnetism  and  the  Aurora. 

■  By  their  vivifying  action  vegetables  are  enabled  to  draw 

Pmpport  from  inorganic  matter,  and  become  in  their  turn 

Ibe  support  of  animals  and  man,  and  the  source  of  those 
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great  deposits  of  dyDamical  efficiency  which  are  laid  up  for 
human  use  in  our  coal  strata.  By  them  the  waters  of  the 
sea  are  made  to  circulate  in  vapour  through  the  air,  and 
irrigate  the  land,  producing  springs  aud  rivers.  By  them 
are  produced  all  disturbances  of  the  chemical  equilibrium 
of  the  elements  of  nature,  which  by  a  series  of  compositions 
aud  decompositions  give  rise  to  new  products  and  originate 
a  transfer  of  materials.  Even  the  stow  degradation  of  the 
solid  constituents  of  the  surfiice,  in  which  its  chief  geolo- 
gical change  consists,  is  almost  entirely  due.  on  the  one 
hand,  to  the  abrasion  of  wind  or  rain  aud  the  alternation 
of  heat  and  frost ;  on  the  other,  to  the  continuaJ  beating 
of  sea  waves  agitated  by  winds,  the  results  of  solar  radia- 
tion. Tidal  action  (itself  partly  due  to  the  sun's  agency) 
exercises  here  a  comparatively  slight  influence  The  effect 
of  oceanic  currents  (mainly  originating  in  that  influence), 
though  slight  in  abrasion,  is  powerful  in  diffusing  and 
transporting  the  matter  abraded;  aud  when  we  consider 
the  immense  transfer  of  matter  so  produced,  the  increase 
of  pressure  over  large  spaces  in  the  bed  of  the  ocean,  and 
diminution  over  corresponding  portions  of  the  land,  we 
are  not  at  a  loss  to  perceive  how  the  elastic  force  of  subter- 
ranean fires,  thus  repressed  on  the  one  hand  and  released 
uii  the  other,  may  break  forth  iu  points  where  the  r 
ance  is  barely  adequate  to  their  retention,  and  thus  briuj 
the  pheuomeoa  of  even  volcanic  activity  under  the  g 
law  of  solar  influence.' 

(708)  This  fine  passage  requires  but  the  breathi 
recent  investigation  to  convert  it  into  an  exposition  of  the 
law  of  the  conservation  of  energy,  as  applied  to  both  the 
organic  and  inorganic  world.  Late  discoveries  have  taught 
us  that  winds  and  rivers  have  their  definite  thermal  values. 
and  that,  in  order  to  produce  their  motion,  an  equivalent 
amount  of  solar  heat  has  been  consumed.  While  they 
""■et  as  winds  and  rivers,  the  lieat  expended  in  proilncin^ 
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them  has  ceased  to  exist,  being  converted  into  mecbaiii- 
o!vl  motion ;  Imt  when  that  motion  ia  arrested,  the  heat 
which  produced  it  is  restored.  A  river,  in  descending 
from  ftn  elevation  of  7720  feet,  generates  an  aniount 
of  heat  competent  to  augment  its  own  temperature  10° 
Fuhr.,  and  this  amount  of  heat  was  abstracted  from 
the  sun,  in  order  to  lift  thfi  matter  of  the  river  to  the 
elevation  from  which  it  falls.  As  long  as  the  nver  on- 
tinnes  on  the  heights,  wliether  in  the  solid  form  as  a 
gl;kcier,  or  in  the  liquid  form  as  a  lake,  the  heat  expendetl 
|jy  the  sun  in  lifting  it  has  dif^appeared  from  the  universe. 
It  bus  lieen  consumed  in  the  act  of  lifting.  But  at  the 
moment  that  the  river  starts  upon  its  downward  course, 
and  encounters  the  resistance  of  its  bed,  the  heat  expended 
in  its  elevation  begins  to  be  restored.  The  mental  eye, 
indued,  can  follow  the  emission  from  its  source,  through  the 
ether  as  vibratory  motion,  to  the  ocean,  where  it  ceases  to  be 
vibration,  and  takes  the  potential  form  among  the  molecules 
i)f  atjueous  vapour;  to  the  mountain-top,  where  the 
Iieat  absorbed  in  vaporization  is  given  out  in  condensa- 
tion, while  that  expended  by  the  sun  in  HfUnif  the  water 
1o  ita  present  elevation  is  still  imrestored.  This  we  find 
paid  back  to  the  last  unit  by  the  friction  along  the  river's 
bed ;  at  the  bottom  of  the  cascades  where  the  plunge  of 
the  torrent  is  suddenly  arrested;  in  the  warmth  of  the 
machinery  bimed  by  the  river;  in  the  spark  from  the 
millstone;  beneath  the  cnisher  of  the  miner;  in  the  Alpine 
saw -mill :  in  the  milk-churn  of  the  chitet;  in  the  sup- 
ports of  the  cradle  in  which  the  mountaineer,  by  water 
power,  rocks  his  baby  to  sleep.  All  the  forma  of  me- 
chanical motion  here  indicated  are  simply  the  parcelling 
out  of  an  amount  of  calorific  motion  derived  originally 
from  the  sun ;  and  at  each  point  at  which  the  mechanical 
motion  is  destroyed,  or  dimiuishtid,  it  is  the  nun's  hunt 
which  is  restored. 


modi;  of  motio.v. 


(709)  Weliavethm  far  dealt  with  the  sensible  motioDfi 
and  euergies  which  the  sun  produces  and  confers :  but  there 
are  other  motious  and  other  energies,  whose  relations 
are  not  so  obvious.  Trees  and  vegetables  grow  upon  the 
earth,  and  when  burned  they  give  rise  to  heat,  from  which 
immeose  quantities  of  mechanical  energy  are  derived. 
What  is  the  source  of  this  energy?  Sir  John  Herschel 
answered  this  question  in  a  general  way;  while  Dr.  Mayer 
and  Professor  Helmholtz  fixed  its  exact  relation  to  the 
more  general  (juestion  of  conservation.  Let  me  try  to  put 
their  answers  into  plain  words.  You  see  this  iron  ntst. 
produced  by  the  falling  together  of  the  atoms  of  iron  and 
oxygen ;  but  though  you  cannot  see  this  transparent  car- 
bonic acid  gas,  it  is  formed  by  the  union  of  carbon  and 
oxygen.  These  atoms  thus  united  resemble  a  weight 
resting  on  the  earth;  their  mutual  attraction  is  satisfied. 
But  as  I  citn  wind  up  the  weight,  and  prepare  it  for 
another  fall,  even  so  these  atoms  can  be  woimd  up,  sepa- 
rated from  each  other,  and  thus  enabled  to  repeat  the 
proce-sH  of  <:orabination. 

(710)  In  the  building  of  plants,  carbonic  acid  is  the 
ui.iteriai  from  which  the  carbon  of  the  plant  is  derived, 
while  water  is  the  substance  from  which  it  obtains  itfi 
hydrogen.  The  solar  beam  winds  up  the  weight;  it  ia 
the  agent  which  severs  the  atoms,  setting  the  oxygen  free, 
and  allowing  the  carbon  and  the  hydrogen  to  aggregate  in 
woody  fibre.  If  tiie  suu's  raye  fall  upon  a  surface  of  sand, 
the  s;md  is  heated,  and  finally  radiates  away  as  much  heal 
as  it  receives :  but  let  the  same  beams  fall  upon  a  forest ; 
then  the  quantity  of  heat  given  back  is  less  than  tJiai 
received,  for  a  portion  of  the  sunbeams  is  invested  in  the 
building  of  the  trees.  We  have  already  seen  how  heat  is 
consumed  iu  forcing  asunder  the  atoms  of  bodies ;  and 
liow  it  reappears,  when  the  attraction  of  the  separated 
aloms  comes  again  into  play."     The  precise  consideratio 
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which  we  then  applied  to  heat,  we  have  now  tci  apply  t» 
light.,  for  it  is  at  the  espeuse  of  the  solar  light  that  the 
chemical  decomposition  takea  place.  Without  the  sun, 
the  reduction  of  the  carbonic  acid  and  water  cannot  be 
effected:  and,  in  this  act,  &u  amount  of  Rolar  energy  h 
consumed,  exactly  equivalent  to  the  molecular  work 
done. 

(711)  Combustion  is  the  reversal  of  this  process  of 
reduction,  and  !ill  the  energy  invested  in  a  plant  reappears 
as  heat,  when  the  plant  is  burned.  I  ignite  this  bit  of 
eottou,  it  bursts  into  flame ;  the  oxygen  again  unites  with 
its  carbon,  and  an  amount  of  hejit  is  given  out,  equal  to 
that  originally  sacrificed  by  the  sun  to  form  the  bit  of 
cotton.  So  also  as  regards  the  'deposits  of  dynamical 
efficiency'  laid  up  in  our  coal  strata:  they  are  simply  the 
sun's  rays  in  a  potential  form.  We  dig  from  our  pits, 
annually,  eighty-four  millions  of  tons  of  coal,  the  mechani- 
cal equivalent  of  which  is  of  almost  fabulous  vastnesH. 
The  combustion  of  u  single  pound  of  coul  in  one  minute  in 
i-qual  to  the  work  of  three  hundred  horses  for  the  same 
time.  It  would  require  one  hundred  and  eight  millions 
of  horses,  working  day  and  night  with  unimpaired  strength 
fur  a  year,  to  perform  an  amount  of  work  equivalent  to 
the  energy  which  the  sun  of  the  Carboniferous  epoch  in- 
vested in  one  year's  produce  of  our  coalpits. 

(712)  The  farther  we  pursue  this  subject,  the  more  its 
interest  and  its  wonder  grow  upon  us.  You  have  learned 
bow  a  sun  may  be  produced  by  the  mere  exercise  of 
gravitating  force ;  that  by  the  collision  of  cold  dark 
planetJiry  ronsaes  the  light  and  heat  of  our  central  nrb. 
and  also  of  the  fixed  stars,  may  be  obtained.  Hut  here 
we  find  the  physical  powerM,  denied  or  derivable  from 
the  action  of  gravity  upon  dead  matter,  introducing 
ibeinselves  at  the  very  root  of  the  quetitiou  of  vitality. 
We  find  in  solar  light  and  heat  tlie  very  mainspring  of 
vegetable  life. 
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(713)  Nor  can  wp  halt  at  the  vegetable  worlJ,  for  it, 
mediately  or  immediately,  is  the  source  of  all  auimal 
life.  Some  animals  feed  directly  on  plants,  others  feed 
upon  their  herbivorous  fellow-creatures ;  hut  all  in  the  long 
rim  derive  life  and  energy  from  the  vegetable  world  :  all, 
therefore,  as  Helmboltz  has  remarked,  may  trace  their 
lineage  to  the  sun.  In  the  auimal  body  the  carbon  and 
hydrogen  of  the  vegetable  are  again  brought  into  coQtarl 
with  the  oxygen  from  which  they  had  been  divorced,  and 
which  is  now  Buppliefl  by  the  hings.  Reunion  takes  place, 
and  animal  heat  is  the  result.  Save  as  regards  intensity, 
there  is  no  difference  between  the  combustion  that  thus 
goes  on  within  us,  and  that  of  an  ordinary  fire.  The  pro- 
ducts of  combustion  are  in  both  cases  the  same,  namely, 
carbonic  acid  and  water.  Looking  then  at  the  physics  of 
the  (question,  we  see  that  the  formation  of  a  vegetable  is 
a  process  of  winding  up,  while  the  formation  of  an  animal 
ia  a  process  of  running  down.  This  ia  the  rhythm  of 
Nature  as  applied  to  animal  and  vegetable  life. 

(714)  But  is  there  nothing  in  the  human  body  to  libe- 
rate it  from  that  chain  of  necessity  which  the  law  of  con- 
servation coils  around  inorganic  nature?  Look  at  two  men 
upon  a  mountain  aide,  with  equal  health  and  physical 
strength ;  the  one  will  sink  and  fail,  while  the  other,  with 
determined  energy,  scales  the  summit.  Has  not  volition,  in 
this  case,  a  creative  power?  Physically  considered,  the  law 
that  rules  the  operations  of  a  steam-engine  rules  the  ope- 
rations of  the  climber.  For  every  pound  raised  by  the 
former,  an  equivalent  quantity  of  its  heat  disappears ;  and 
for  every  step  the  climber  ascends,  an  amount  of  heat, 
equivalent  jointly  to  his  own  weight  and  the  lieight  to 
which  it  ia  raised,  ia  lost  to  his  body.  The  strong  will 
can  draw  largely  upon  the  physical  energy  furnished  by 
the  food ;  but  it  can  create  nothing.  The  function  of  the 
will  is  to  ajijilji  iuid  tllrecl,  not  to  create. 


■tw»r.  w». 
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(715)  I  have  jnst  said,  that  as  a  climber  ascends  a  moun- 
tain, beat  disappears  from  hia  body ;  the  same  Btateitieut. 
applies  to  animals  performing  work.  It  would  appear  to 
fullow  from  tbis,  that  the  bodj  ought  to  grow  colder,  in 
the  act  of  climbing  or  of  working,  whereas  universal  expe- 
rience proves  it  to  grow  warmer.  The  solution  of  this 
seeming  contradiction  ia  found  in  the  fact,  that  when  the 
muscles  are  exerted,  augmented  respiration  and  increased 
chemical  action  set  in.  The  bellows  which  urge  oxygen 
into  the  fire  within  are  more  briskly  blown,  and  thus, 
though  heat  actually  disappears  as  we  climb,  the  loss  is 
more  than  covered  by  the  increased  activity  of  the  chemical 
processes, 

(71fi)  Bymeanaof  a  modification  of  the  thermo-electric 
pile,  MM.  Becqiierel  and  Breschet  proved  that  heat  is 
lieveloped  inamuscle  when  itcontracts,  MM,  Billroth  and 
Kick  have  also  found  that  in  the  cose  of  persons  who  die 
from  tetanus,  the  temperature  of  the  muscles  is  sometimes 
nearly  eleven  degrees  Fahrenheit  in  excess  of  the  normal 
temperature.  M.  Helmholtz  has  shown  that  the  muscles 
of  dead  frogs  in  contracting  produce  beat:  and  an  ex- 
tremely important  result  as  regards  the  influoDcc  of  con- 
traction has  been  obtained  by  Professor  Ludwig  of  Vienna 
and  bis  pupils.  Arterial  bhiod,  you  know,  is  charged  with 
oxygen:  when  this  blood  passim  through  a  muscle  in  an 
ordinary  uncontracted  state,  it  is  changed  into  venous 
blood,  which  still  retains  about  7|  per  cent  of  oxygen. 
But  if  the  arterial  blood  pass  through  a  amtraclai  muscle, 
it  is  almost  wholly  deprived  of  its  oxygen,  the  quantity 
rnmaining  amounting,  in  some  cases,  to  only  l-j'^  per  cent. 
As  a  result  of  the  augmented  combustion  within  the 
muscles  when  in  a  state  of  activity,  we  have  an  increased 
amount  of  carbonic  acid  expired  from  the  lungs.  Dr. 
Edward  Smith  has  shown  that  tha  quantity  of  this  goB 
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expired  during  periods  of  great  exertion  may  be  6ve 
that  expired  in  a  etat«  of  repoBe. 

(717)  Now  when  we  augment  tlie  temperature  of 
twdy  by  labour,  a  ■portion  only  of  the  excess  of  heat  gene- 
rated is  applied  to  the  performance  of  the  work.  Suppose  a 
cei-tain  amoimt  of  food  to  be  oxidized,  that  is  to  say,  burnt, 
in  the  body  of  a  man  in  a  state  of  repose,  the  quantity  of 
heat  produced  in  the  process  is  exactly  that  which  we 
should  obtain  from  the  direct  combustion  of  the  food  in 
an  ordinary  fire.  But  suppose  the  oxidation  of  the  food 
to  take  place  while  the  man  is  performing  work,  thea  the 
heat  generated  in  the  body  falls  short  of  that  which  could 
be  obtained  from  direct  combustion.  An  amount  of  heat 
is  missing,  equivalent  to  the  work  done.  Siippusiiig  the 
work  to  consist  in  the  development  of  heat  by  friction, 
then  the  amount  of  heat  thns  generated  outside  of  the 
body  would  be  exactly  that  which  was  wanting  within. 
body,  to  make  the  heat  there  generated  equal  to  that 
dnced  by  direct  combustion. 

(718)  It  is,  of  couree,  easy  to  determine  the  ami 
of  heat  consumed  by  a  mountaineer,  in  lifting  his  own 
body  to  any  elevation.  When  lightly  clad,  I  weigh 
about  145  Iba. ;  what  is  the  amount  of  beat  consumed, 
in  my  case,  in  climbing  from  the  sea-level  to  the  top  of 
MontBlancP  The  height  of  the  mountain  is  15,774  fe«t; 
and  for  every  pound  of  my  body  raised  to  a  height  of  772 
feet,  a  quantity  of  heat  is  consumed,  sufficient  to  raise  the 
temperature  of  a  pound  of  water  1°  Fahr.  Consequently, 
on  climbing  to  a  height  of  15,774,  or  about  20^  times  772 
feet,  an  amount  of  heat  is  consumed  sufficient  to  raise  the 
temperature  of  145  lbs.  of  water  20J°  Fahr.  If,  on  the 
other  hand  I  could  perform  a  glissade  from  the  top  of  Ihe 
mountain  to  the  sea-level,  the  quantity  of  heat  generated 
during   the   descent   would   be   precisely   equal    to    thai 
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coDBumed  in  the  ascent.  Your  attention  has  been  more 
than  once  directed  to  the  energy  of  molecular  forces, 
and  here  the  subject  appears  once  more.  Measured  by 
one's  feelings,  the  amount  of  exertion  necessary  to  re-ach 
the  top  of  Mont  Blaac  is  very  great.  Still  the  energy 
which  performs  this  feat  would  be  derived  from  the  coiu- 
buation  of  about  two  ounces  of  carbon.  Id  the  case  of  an 
excellent  sleam-engiue,  about  one-tenth  of  the  heat  em- 
ployed is  converted  into  work  ;  the  remaining  nine-tenths 
being  wasted  in  the  air,  the  condenser,  &c  In  the  case  of 
an  active  mountaineer,  as  much  as  one-fifth  of  the  heat 
due  to  the  oxidation  of  hit;  food  may  be  converted  into 
work ;  hence,  as  a  working  machine,  the  animal  body  is 
much  more  perfect  than  the  steam-engine. 

{71U)  We  see,  however,  that  the  engine  and  the  animal 
derive,  or  may  derive,  these  powers  from  the  selfsame 
source.  We  can  work  an  engine  by  the  direct  combustion 
of  the  substances  which  we  employ  as  food;  and  if  our 
stomachs  were  so  constituted  as  to  digest  coal,  we  should,  bb 
Helmholtz  has  remarked,*  be  able  to  derive  our  energy 
from  this  substance.  The  graud  point  permanent  through- 
nut  all  these  cousiderations  is,  that  nothiiiff  ■is  created. 
We  can  make  no  movement  which  is  not  accoiuited  fur  by 
the  contemporaneous  extinction  of  some  other  movemi-ut. 
And  how  complicated  soever  the  motions  of  animals  may 
be,  whatever  may  be  the  change  which  the  molecules  of 
our  food  undergo  within  our  bodies,  the  whole  energy  of 
animal  life  cousi«ts  in  the  falling  of  the  atoms  of  carbon 
and  hydrogen  and  nitrogen  from  the  high  level  which 
they  occupy  in  the  food,  to  the  low  level  which  they  occupy 
when  they  quit  the  body.  But  what  has  enabled  the 
carbon  and  the  hydrogen  to  fall  ?  W'hat  fitot  raised  them 
to  the  level  which  rendered  the  fall  possible  ?     We  hare 
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already  learned  that  it  is  the  suo.  It  ih  at  his  cout  that 
animal  heat  is  produced,  and  animal  motion  aceompliiibed. 
Not  only  then  is  the  sun  chilled,  that  we  may  have  our 
fires,  but  he  is  likewise  chilled  that  we  may  have  our 
powers  of  locomotion. 

(720)  The  subject  is  of  such  vast  importance,  and  is  so 
sure  to  tinge  the  whole  future  course  of  philnaophic  thought, 
that  I  will  dwell  upon  it  a  little  longer,  and  endeavour,  by 
reference  to  analogical  processes,  to  giveyoua  clearer  ideB 
of  the  part  played  by  the  sun  in  vital  actioai.  We  can  raise 
water  by  mechanical  action  to  a  high  level ;  and  that  water, 
in  descending  by  its  own  gravity,  may  be  made  to  assume 
a  variety  of  forms,  and  to  perform  various  kinds  of 
mechanical  work.  It  maybe  made  to  fall  in  cascades,  rise 
in  fountains,  twirl  in  eddies,  or  flow  along  a  uniform 
bed.  It  may,  moreover,  be  employed  to  turn  wheels,  lift 
hammers,  grind  corn,  or  drive  piles.  Now  there  is  no 
power  created  by  the  water  during  its  descent.  All  tlie 
energy  which  it  exhibits  is  merely  the  parcelling  out  and 
distribution  of  the  original  energy  which  raised  it  up 
on  high.  Thus  also  as  regards  the  complex  motions  of 
a  clock  or  a  watch ;  they  are  entirely  derived  from  the 
energy  of  the  hand  which  winds  it  up.  Thus  al8i>  the 
singing  of  the  little  Swiss  bird  in  the  International  Exhi- 
bition ;  the  quivering  of  its  artificial  organs,  the  vibra- 
tions of  the  air  which  strike  the  ear  as  melody,  the  flutter 
nf  its  little  wings,  and  all  other  motions  of  the  pretty 
automaton,  were  simply  derived  from  the  force  by  which 
it  was  wound  up.  It  gives  out  nothing  that  it  has  not 
received.  In  this  precise  sense,  you  will  perceive,  is  the 
energy  of  man  and  animals  the  parcelling  out  and  dis- 
tribution of  an  energy  originally  exerted  by  the  sun.  In 
the  vegetable,  as  we  have  remarked,  the  act  of  elevation, 
or  of  winding-up,    is   performed ;  and   it  is   ( 
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descent,  in  the  aDim&l,  of  the  carbon,  hydrogen,  And 
nitrogen,  to  the  level  from  which  they  started,  that  the 
powers  of  life  appear. 

(721)  But  the  question  is  not  yet  exhausted.  Tbew&ter 
which  we  lined  in  our  first  illustration  produces  all  the 
motion  displayed  in  its  descent,  but  the  form  of  the  motion 
depends  on  the  character  of  the  machinery  interposed  in 
the  path  of  the  water.  And  thus  the  primary  action  of  the 
Min's  rays  is  qualified  by  the  atoms  and  molecules  among 
which  their  power  is  distributed.  Molecular  forces  deter- 
mine the  /orm  which  the  solar  energy  will  fissume.  In 
the  one  case  this  energy  is  so  conditioned  by  its  atomic 
machinery  as  to  result  in  the  formation  of  a  cabbage ;  in 
another  case  it  is  so  conditioned  as  to  result  in  the  formation 
of  an  oak.  So  also  as  regards  the  reunion  of  the  carbon 
and  the  oxygen — the/ormof  their  reunion  is  determined 
by  the  molecular  machinery  through  which  the  combining 
force  acts.  In  one  case  the  action  may  result  in  the  for- 
mation of  a  man,  while  in  another  it  may  result  in  the 
formation  of  a  grasshopper. 

■  (722)  The  matter  of  our   bodies  is  that  of  inorganic 
■taature.    There  is  no  suhetanee  in  the  animal  tissues  which 

Is  not  primarily  derived  from  the  rocks,  the  water,  and  the 
air.  Are  the  forces  of  organic  matter,  then,  different  in 
kind  from  those  of  inorganic?  All  the  philosophy  of  the 
present  day  tends  to  negative  the  question ;  and  to  show 
that  it  is  the  directing  and  compoimding,  in  the  organic 
world,  of  forces  belonging  equally  to  the  inorganic,  that 
Oonstitiites  the  mystery  and  the  miracle  of  vitality. 

■  (723)  In  discussing  the  material  combinations  which 
Result  in  the  formation  of  the  body  and  the  brain  of  man, 

it  is  impossible  to  avoid  taking  side  glances  at  tiie  pheno- 
mena of  consciousness  and  thought.  Science  has  n«ked 
_  daring  questions,  and  will,  no  doubt,  continue  to  ask  Bucb. 


Problems  will  assuredly  present  themselves  to  men  of  ft 
future  BgB,  which,  if  enunciated  now,  would  appear  to  most 
people  as  the  direct  offspring  of  insanity.  Stiii,  though 
the  progress  and  development  of  science  may  seem  to 
be  unlimited,  there  is  a  region  beyond  her  reach — a  line 
with  which  she  does  not  even  tend  to  osculate.  Given 
the  masses  and  distances  of  the  planets,  we  can  infer 
the  perturbations  consequent  on  their  mutual  attractions. 
Given  the  nature  of  a  disturbance  in  water,  air,  or  ether, 
we  can  infer  from  the  properties  of  the  medium  how  ito 
particles  will  be  affected.  In  all  this  we  deal  with  physical 
laws,  and  the  mind  runs  freely  along  the  line  which  con- 
nects the  pheuoineiia  from  beginning  to  end.  But  when 
we  endeavour  to  pass,  by  a  similar  process,  from  the 
region  of  physics  to  that  of  thought,  we  meet  a  problem 
not  only  beyond  our  present  powers,  but  transcending 
any  conceivable  expansion  of  the  powers  we  now  possess. 
We  may  think  over  the  subject  again  and  again,  but  it 
eludes  all  intellectual  presentation.  The  origin  of  the 
material  imiverse  is  equally  inscrutable.  Thus,  having 
exhausted  science,  and  reached  its  very  rim,  the  real 
mystery  of  existence  still  looms  around  ua.  And  thus  it 
will  ever  loom — ever  beyond  the  bourne  of  man's  intellect 
— giving  the  poets  of  successive  ages  just  occasion  to  de- 
clare that 
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f  724)  Still,  presented  rightly  to  the  mind,  tlie  discoveries 
and  generalisations  uf  modern  science  constitute  a  poem 
more  sublime  than  has  ever  yet  addressed  the  human 
imagination.  The  natural  philosopher  of  to-day  may 
dwell  amid  conceptions  which  beggar  those  of  Klilton. 
at  the  integrated  energies  of  our  world,— 
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power  of  our  coal-fields;  our  winda  and  rivers;  our 
fleets,  armies,  and  giinfl.  What  are  they?  They  an- 
all  generated  by  a  portion  of  the  sun's  energy,  which 
does  not  amount  to  TFoWiToTnjTT  °f  ^^^  whole.  This  is 
the  entire  fraction  of  the  sun'a  force  intercepted  hy  the 
earth,  and  we  convert  but  a  small  fraction  of  this  fraction 
inti>  mechanical  energy.  Multiplying  all  our  powerB  hy 
millions  of  millions,  we  do  not  reach  the  sun's  expenditure. 
And  still,  not  withstanding  this  enormous  drain,  in  the  lapse 
of  human  history  we  are  unable  to  detect  a  diminution  of 
his  store.  Measured  by  our  largest  terrestrial  standards. 
such  a  reservoir  of  power  is  infiuit*;  but  it  is  our  privi- 
lege to  rise  above  these  standards,  and  to  regard  the  sun 
himself  as  a  speck  in  infinite  extension — a  mere  drop  in 
the  universal  sea.  We  analyse  the  space  in  which  be  is 
immersed,  and  which  is  the  vehicle  of  his  power.  We  pass 
to  other  systems  and  other  suns,  each  pouring  forth  energy 
like  our  own,  but  still  without  infringement  of  the  law, 
which  reveals  immutability  in  the  midst  of  change,  which 
recognises  incessant  transference  or  conversion,  but  neither 
final  gain  nor  loss.  This  law  generalises  the  aphorism  of 
Solomon,  that  there  is  nothing  new  under  the  sun,  by 
teaching  us  to  detect  everywhere,  under  it«  infinite  variety 
of  appearances,  tlie  same  primeval  force.  The  energy  of 
Nature  is  a  constant  quantity,  and  the  utmost  man  can  dn 
in  the  pursuit  of  physical  truth,  or  in  the  applications 
of  physical  knowledge,  is  to  shift  the  constituenta  of  the 
never-varying  total,  sJicrificing  one  if  he  would  produce 
another.  The  law  of  conservation  rigidly  excluHw  both 
creation  and  annihilation.  Waves  may  change  to  ripples, 
and  ripples  to  waves — magnitude  may  be  substitnteil  for 
number,  and  number  for  magnitude— asteroids  may  aggre- 
gate to  suns,  suns  may  invest  their  energy  in  flor»  and 
faune,  and  flora;  and  fauue  may  melt  in  air — the  flux  of 
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power  is  eternally  the  same.  It  rolls  in  music  through 
the  agesy  while  the  manifestations  of  physical  life  as  well 
as  the  display  of  physical  phenomena  are  but  the  modula- 
tions of  its  rhythm. 

NoTK. — In  a  paper  recently  published  by  him,  Professor  Magnus  contiO" 
verUt  the  views  maintained  in  the  foregoing  pages  regarding  the  action 
of  aqueous  vapour.  I  shall  give  the  experiments  and  reasonings  of  my  emi- 
nent friend  (by  which  I  am  not  convinced)  due  consideration  as  soon  as  I 
can  command  the  time. 
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